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Preface

Fhas publication on body composition and physical performunce is an-
other from a series of workshops that have been sponsored by the Commit-
tee on Military Nutritton Research (CMNRL the Committee) of the Food and
Nutrition Board, Institute of Medicine, National Academy of Sciences. Other
workshops or mint-ssmposia have included such topics as nutrition and
physical performance, cognitive testing methodology. ar-d fluid replacement
and heat stress. These workshops are a part of the response the CMNR
provides to the Assistant Surgeon General ot the ULS0 Army (ULS. Armiy
Medical Rescarch and Development Command. Frederickh, Murylandi to is-
sues that are brought to the Committee through the Military Nutrition Divi-
sion ot the URS. Army Institute of Eavironmental Medicine (USARIEAM) at
Natick, Massachusetts.

FOCUS OF THE REPORT

The relationship of body composition to performance ot physical tasks
is of major mterest to the miditary. Not only is it important in the decisions
of acceptance or rejection of recruits tor mulitary service, but 1t also has
signiticant impiicatrons for the individual relating to retention and advance-
ment while in the services. There are tinancial implications as well for the
muibitary services, due to the high cost of training replacements when inds-
viduals are discharged for failure to meet the established standards. The
discharge of highty trained and experienced specialists has sigmticant addi-
tional implications concerning unit readiness and performance.

T'he application of body composition standards i the military on a
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viit PREFACF

ranonal and equitable basisy based on ethnicity, gender, and age 1s theretore
an mmportant issue. A perspective on the current outcome of the applica-
tions of height, weight. and body composition standards for entrance or
retention 1 the military services was succinctly stated by James AL Vogel,
Dircctor. Occupational Health and Performance. USARIEM. in his intro-
ductory remarks to the workshop. which was held February 6. 1990 at the
National Academy of Sciences, Washington, D.C.

Every day potential new Army recrutls are turncd away at the recruiter’s
door tor the reason of overweight or overtfatness. Iromcally. they often go
neat door 1o the Navy or Air Foree recruiter where they are accepted. [am
reterning to voung women who are unable to meet the Army’s entry stan-
duard for body weight

An outsider might assume that the services have weight-fat standards to
cnsure that personnel can meet the physical demands of mihitary servace,
that 1. that they are performance driven. This may ondy be partially true.
in the Army ., at least. it s apparent that an important tactor in the Army s
fat standards 1s appearance The Navy . on the other hand. has establshed
health criteria as important tor 1ty body fat standards. Are appearance and
health eniteria compatble with physical pertormance critenia? These gues:
tions fead us to our goals tor this workshop:

1. What s the relationship between body composition and physical per

tormance in terms of the nulitary’s needs?

N

blended together in a body composition standard?

Can the service’s needs in performance. appearance. and health he

3o When the services already have performance standards (various fitness
and occupanonal westsic do we dlso need a body composiion standard?

Those of us within the services who are dealing with weight and
standards need 1o revisat this issae - at g theoretical and mechanistic level.
At a practical or job task level, and at 4 population and policy tevel,

We cannot Took at this bods composition assue in isoiation. So in ad-
dressing our goalss we must consider them 1o the mihitary context where
other factors come into play.

The proceedmgs ot this workshop are published here 1o provide ay a
review ot current knowledge on the relationship of body composition o
physical performance. by a discussion of the application of this data base o
accession and retention standards in the mifitary services. and ¢y an evalua-
tion and recommendations for consideration by the military in refating body
composition to physical performance. While the Commitcee on Military
Nutrition Research recognizes that body composition. physical performance.
and health status are closely hinked to the amounts and types of foods
mgested. a comprehensive discussion of nutritton as related to body com-
positton and performance was deemed to be bevond the scope ot this
workvhop. The CMNR has Timited the report to @ review ot the scientific
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PREFACT [AY

cvidence relating physical performance to body weight and composition. Tt
v anttetpated that this information will aide the military in establishing
body composition standards that are more appropriate 1o the task perfor-
maunce requirements of military personnel.  In addition, the information
from this workshop may be of more general interest to those civilians
concerped with establhishing physical testing criteria tor jobs requiring
minimum physical performance standards.

HISTORY OF THE COMMITTEE

The Commuttee on Militury Nutrition Research (CMNR) was estab-
Iished in October. 1982 when the Assistant Surgeon General of the U.S,
Army requested the Food and Nutrition Board (FNB), Natuonal Academy of
Sawences, to establish a committee to advise on the need for and conduct of
nutrition research and related issues for the U.S. Department of Detense.
The overall tasks of the Committee are

+ 1o identity nutritional foctors that may critically influence the physi-
cal and mental porformance of military personnel under all environmental
CArCmes.,

« toadentify deticiencies in R existing database.

« to recommend research that would remedy these deficiencies.

« 10 recommend approacnes for studving the relationship of dier to
physical and mental performance. and

+ toreview and advise on standards for military feeding systems.

Within this context the CMNR was asked to focus on nutrient require-
ments for performance during combat missions rather than requirements for
military personnel in garrson, becaunse the latter were judeed not to Oifter
stgnificanthy trom those ot the civilian population.

Atthough the Commitice membership has changed periodically. the dis-
ciplines represented have conststently included human nutrition, nutritional
biochemistry, performance physiology. tood science. and psychology. When
sues have Been presented o the CMNR by the Army that require broader
expertise than what =xsts within the Committee. or for which the Commitice
would Tike additional intormation or opinions. workshops have been con-
vened. These workshops provide additional state-of-the-urt scientfic informa-
tion Yor the Cammuttee to consider 1o their evaluation of the issues at hand.

COMMITTEE TASK AND PROCEDURES
In 19RO personnet from USARIEM rarsed the question with the CMNR

of the relationship of body composition te phyvsical pertormance. OF partic-
ol interest was the application ot then current heighi-weight standards in
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recruitment and retention of mifitary personnel to the performance ot mili-
tary tasks.  Although the tasks of military personnel are increasingly di-
verse. the Army contends thao all individuals need to maintain a certain
level of physical fitness to preserve the combat readiness of the services in
general. However. with the incicasing diversity of military personnel in
termis of gender. ethaicity. and age, there was a concern whether current
standards were appropriate and were untformly applied in recruitment and
retention. The applicability of these standards to the mission requirements
ot the services was also questioned. The CMNR reviewed these issues and
concluded that o workshop wis needed to review the literature. provide
additional information on military standards, provide the most current re-
search findings from within the Army related to this 1ssue. and hear inter-
pretation of this issue from experts in related fields

A small planming group was given the task of identifving the pertinent
topres and the prreticipants, This task force, comprised ot Col. E. Wavne
Askew and James AL Vogel of USARIEM and CMNR members Ed Horton,
Richard Atkinson. Robert O. Neshenm, and FNB Statt Officer Susan Berke o
met at USARIEM n the fall of 19¥9 1o plan the workshop. The workshop
outhine and participants were reviewed by the CMNR at its December 1989
meeting, and the workshop was held February 60 19900 at the Nuational
Academy of Sciences in Washington, D.C.

The mvited speakers were ¢hwsen for their specific expertise in the areas
of body composition, perfoimance. and obesitv. They were asked to provide
in-depth reviews of their area of expertise as it directly applied to a series of
questions prepared by the CMNR and make recommendations on the issues,
speakers subsequently submitted written versions of their presentations,

The workshop format was a formel presentation by a speaker followed
hy questions and a brief discusston with Committee members and other
participsnits. - At the end of the piesentanions. a general discussion ot the
overall issues was held. The next day. ihe CMNR met in executive session
to review the various issuos, draw some tentative conclusions, and make
assignments tor draft reviews and summaries of specific topics by various
Committee members.  An inttial summary paper discussing some of the
Issues was prepared by one of the Commitiee members, Joe! Grinker, t
arde the CMNR in focusing the draft recommendations (See "art )y, A
subcommittee composed of Jocél Grinker, Richard Atkinson, and Richard
Jansen worked separately and rogether using the authored papers and addi-
tional reference material 1o draft the summary and recommendations that
were reviewed s approved by the CMNR.

The summary and recommendations of the CMNR are included as Pant
I. and the paper presented at the workshop are included as Part I of this
hook. Part I has been reviewed anonymousty by an outside group with
expertise in the topic area and experience i military issues. The authored
papers in Part 11 and Joél A. Grnker's paper in Part T have undergone

-
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lmited editortal change. have not been reviewed by the outstde group, und
represent the views of the individual suihors.
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PART I

Overview

P,\Rr' I CONSISTS OF TwWO cHAPTERS. Chapter | provides the background for
the report. It describes the task as presented to the Committee on Mili-
tary Nutrition Research (CMNR) by the Department of Defense through the
U.S. Army Medical Research and Development Command. Frederick. Maryland
and 1ts Grant Officer Representative from the Military Nutrition Division.
U.S. Army Institute for Environmental Medicine (USARIEM). In develop-
ing the plans for the workshop and report. a task force of the CMNR.
working with their military liaison, developed a specific set of questions on
which the workshop and report are based. These questions are listed in
Chapter 1 together with: an overview of the relevant areas of concern, the
operational defimitions of the pertinent terminology, a review of current
military standards as they relate to accession and retention of personnel.
and a summary of the committee’s interpretation of the current scientific
knowledge in these areas. Chapter 2 presents the committee’s findings and
conclusions, Chapter 2 also includes specific and general recommendations
developed by the CMNR in response to the set of questions. presented in
Chapter I, that defined their task as a committee.

i g v——
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Introduction and Background

THE COMMITTEE’S TASK

The Committee on Military Nutrition Research {(CMNR, the Commit-
tee) of the Food and Nutrition Board (FNB). Institute of Medicine (IOM},
National Academy of Sciences (NAS), was asked by the Department of
Defense to review and comment on the current physical criteria for recruit-
ment and retention of personnel in the various military services. These
criteria are largely based on direct measurement of height and weight. on
indirect assessment of body composition, and on the subjective criteria of a
trim military appearance. With the advent of a more diverse military popu-
lation in terms of ethnic origins and increasing numbers of women. there
was concern about the applicability of the existing standards to the diverse
pool of volunteers.

The seven principal questions the CMNR was asked to address were:

1. Can or should physical performance assessments be used as criteria
for establishing body composition standards in the services?

2. What is the relationship between body composition and perfcrmance?

3. The services currently use a maximal body fat standard. Should they
also establish a minimum fat-free or lean body mass standard?

4. What factors should be considered in setting body composition stan-
dards?

S. Are pertormance and body composition standards redundant?

6. If performance criteria exist, are weight-fat standards needed?

7. How does one rationalize the different uses of body composition tor
performance. appearance. and health?

e e A ———
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4 BODY COMPOSITION AND PHYSICAL PERFORMACE

To assist the CMNR in responding to these questions. a workshop was
convened on February 6-7, 1990, that included presentations from individu-
als familiar with or having expertise in current military recruitment and
retention criteria. military task performance, body composition and physical
performance, racial or ethnic differences in body composition, and gender
differences in body composition and physical performance. The invited
speakers discussed their presentations with Commitiee members at the work-
shop and submitted written reports. The Committee met after the workshop
to discuss the issues raised and information provided. Committee members
later reviewed the workshop presentations and drew on their own expertise
and the scientific literature to develop the following summary, conclusions.
and recommendations.

CURRENT PHYSICAL STANDARDS FOR ACCESSION AND
RETENTION IN THE MIL!TARY

The rationale for physical standards for accession and retention in the
military. according to Army reguiation (AR) 600-9 is . . . to insure that
all personnel are able to meet the physical demands of their duties under
combat conditions and present a trim military appearance at all times™ (AR
600-9, 1986). Current physical standards place upper limits on body tat ax
assessed from anthropometric measurements, including height. weight. skinfold
thicknesses, body diameter measurements, and body circumference mea-
surements. Body composition in terms of body fat mass (BEM) and lean
body mass (LBM) is calculated from these measurements. Anthropometric
measurements are used because they are inexpensive to obtain. relatively
easily learned. and adaptable to field conditions.

Accession Standards

For accession. personnel are initially screened by height and weight
Standard tables have been developed for ease of use by field commanders
and recruitment staff to identify personnel who fall outside acceptable val-
ves of weight-for-height. These standards differ among the military services,
based on the perceived needs of each service, and are included in Appendix
A. If an individual is identified as not meeting acceptable standards of
weight-tfor-height, an assessment of body composition by anthropometric
techniques is performed. The formulas used for determining body composi-
tion also differ among the services (Appendix A). The Army uses a combi-
nation of height, weight, and circumferences of neck and waist in men and
of height. weight, and circumferences of neck. forearm, wrist. and hips in
women o calculate percent body fat. The rationale for these particular
measurements is based on studies done at the U.S. Army Institute for Envi-
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INTRODUCTION AND BACKGROUND 5

ronmental Medicine (USARIEM) on 1,126 men and 266 women (Vogel et
al., 1988). The Navy uses height. weight, and circumferences of neck and
waist for men (Hodgdon and Beckett, 1984a), and height, weight and cir-
cumferences of neck. waist, and hips in women (Hodgdon and Beckett.
1984b). The Marines use measurements of height, weight, and neck cir-
cumtcrence for men (Wright et al.. 1981) and measurements of height,
weight, flexed biceps, forearm. neck. waist, and thigh circumferences for
women (Wright et al., 1980). The Air Force uses height. weight, and biceps
measurements for men (Fuchs et al., 1978) and height, weight, and forearm
measurements for women (Brennan, 1974).

Retention Standards

For retention, military personnel are evaluated on a regularly scheduled
hasts for height, weight, and/or body circumference and are required to
perform a test of acrobic fitness (Appendix B). For the Army and Navy. the
weight-height and body fatness standards for admission allow a greater
degree of everweight than do the standards for retention. The rationale tor
this policy is that high levels of physical activity during basic training result
in a loss of body far and a gain in LBM in the overtat individuals. Thus
military recruits can be aceepted that exhibit higher body weight for therr
herght than will subsequently be permitted by retention standards. For the
U.S. Air Foree and recently the U.S. Marine Corps' retention standards are

abso used tor accession,

PROCEDURES USED BY THE MILITARY SERVICES
FOR FAILURE TO MEET PHYSICAL OR
PERFORMANCE STANDARDS

It is generally accepted that body weight 20 percent above the population
standard of height for weight is obesity.  Although the mihtary services diftfer
in their acceptable standards, all services have clearly stated weight control
and physical fitness programs that are detailed in their retention standards
(Appendix B). Typically. when individuals fail to meet the weight/height
standard at the regularly scheduled evaluation. they are further assessed for
body fat using anthropometric measurements. On the basis ot these measure-
ments and medical review, they are assigned to a program of diet and exer-
cise for a specific time period that varies with each service. At set time inter-

"Frtective June 1, 1992 the U.S. Marine Corps hegan using the height, weight, and body far
retention standards (Marine Corps Order 6100.10A with Change 1) tor both retentton and

aceession of personnel
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6 BODY COMPOSITION AND PHYSICAL PERFORMANCE

vals, the individual's progress is reviewed, and the weight control progran is
evaluated. For all services, there is a specific total time limit established for
an individual to meet the requirement prior to final evaluation for separation.
Individuals who do not lose sufficient weight or body fat are discharged from
the service. Physical performance standards follow a similar piocedure.
However, also of concern here is that individuals who do lose weight
and meet the service retention standards are at high risk to regain this
weight with advancing age. Numerous studies have documented an in-
crease in body weight and percent body fat with increasing age (Borkan et
al.. 1983: Bray. 1976). There is also evidence that excessive body fat is not
necessarily a lack of personal discipline as stated in AR 600-9 (19¥6)
but a chronic discase of complex and multifactorial origins (Bray, 1976,
1978, 1989). A genetic compenent is involved (Bouchard et al.. 1990:
Stunkard et al.. 1990), and some investigators (Keesey, 1980) believe there
is a level of body weight that is defended from change under equilib-
rium conditions.  According to this hypothesis, when individuals attempt to
lose weight below a set level, body detense mechanisms come into play that
limit the amount of weight fost unless there are major changes in lifestyle,
eating. and exercise (Keesey. 1980 Keys et al.. 1950). Studies in humans
have shown that there is frequently minimal or no relationship between
food intake and body fatness for individual people (Thomas et al.. 1961).

METHODS FOR ASSESSING BODY COMPOSITION

Definition of Terms

Because a number of recent articies have reviewed methods for assessing
human body composition (Buskirk, 1987 Heymsticld and Waki, 1991: Lukas-
ki. 1987: Smalley et al.. 1990). & detailed review of methodology will not be
presented here. This section will begin with a brief review of the operational
definitions used in this report, followed by an overview of methods for assess-
ing hody composition as directly applied to the military services,

Body composition, in the context of these proceedings. refers to the rela-
tive proportion of lcan body mass (LBM) and bodv fat mass (BFM) within
the body. LBM can further be subdivided into muscle mass. body water.
and bone mass. These two approaches are commonly referred to as a two-
compartment model (LBM and BFM) or a four-compartment model (BEM.
muscle mass. body water and bone mass) for assessing body composition.
Because the main concern of the military is LBM and BFM as related to
performance, the two-compartment model is generally used by the services.
However failure to account for differences in bone density can lead to svstem-
atic errors in measurements, so the two-compartment model must be used
with caution when applied to an individual.  Fat-free mass (FFM) refers to
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INTRODUCTION AND BACKGROUND 7

the portion of the body remaining after all fatty substances are extracted.
For the purposes of this report. FFM will be used interchangeably with LBM.

Anthropometric Measurements

The most commonly used anthropometric assessments are height, weight,
skinfold thicknesses, body diameter, and body circumference measurements.
Numerous previous studies in the literature have used combinations of an-
thropometric measurements to estimate body fat. It is well recognized that
there are problems with this approach. A major criticism of the use of
anthropometric data to calculate body fat is that the formulas are based on
population data, and when such formulas are used to calculate body fat of
an individual. a significant error may result (Lukaski, 1987). In other words.
the formula may have a small error when predicting body fat for a pop-
ulation but a greater error for predicting body fat for a given individual.

Another problem with anthropometric measures is observer error. Hodgdon
(Chapter 4) discussed the difficulty of training military personnel to accu-
rately measure skinfolds and body circumferences. After performing 150
trial skintold measurements. only 24 percent of personnel were proficient.
However. 68 percent of trainees had reached proficiency after only 45 mea-
surements of body circumferences. In cross-validation studies. the standard
errors for the formulas used by the difterent services ranged from 3.63 percent
to 5.17 percent. Thus, based alone on errors in measurement and inherent
individual differences, these data indicate that it would be possible to inap-
propriately target an individual for separation or to reject a new recruit. Due
to these concerns. the military should consider the importance of validation
of their measurements through multiple observations on each individual.

When measurements of height and weight are combined with measure-
ments of waist and hip circumferences, a better assessment of long-term
health risk may be obtained. Increasing evidence suggests that the deposi-
tion of fat in the abdominal area, particularly in the intraabdominal depots,
s associated with a varniety of diseases including hypertension. diabetes
mellitus, hyperhipoproteinemias. and increased cardiovascular risk (NIH.
1989). Using these measurements 1o screen recruits at accession may help
select individuals with lower long-term risk for health problems. Using
them in older military personnel also may identify individuals, with or with-
out obesity. who are at increased heaith risk. and who should receive spe-
ctal attention for weight or body fat reduction.

Densitometry

Densitometry has generally been considered the standard against which
all other technigues tor measuring body composition are compared. How-
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ever. the formulas on which this method is based were calculated originalty
from carcass analysis of only seven individuals (Brozek et al.. 1963: Forbes
et al.. 19532 Siri, 1956). In this procedure, which assumes the two compart-
ments of LBM and BFM., the density or specific gravity of the body s
measured by weighing the body in air und under water. with correction
made tor residual air in the lungs (Behnke et al.. 1942; Keys and Brosek.
1953). The relative proportion of the two compartments is calculated. with
assumptions made about the density of the two compartments. The density
of the body fat is assumed to be constant. Although interstitial muscle fat
has a shightly higher density than depot fat, this assumption does not usually
fead to a significant error. Much more of a problem is the assumption of a
density for LBM. because it can be quite variable depending on age. race.
physical activity, pender. and possibly other variables. such as bone mass.

Underwater weighimg has also not been well standardized. For exam-
ple. the influence of age. gender. race. and ethate group has not been evalu-
ated. The relatively greater lean mass, particularly bone mass, that is present
in many Btacks further adds to the inaccuracy of the formulas tor this
poputation. The Committee recognizes that underwater weighing could even-
tually be improved if the two-compartment model in present use applied den-
stties for lean body mass that are specific for age. gender, and cthniciy .

As with the calcutation of body composition from anthropometric data.
underwater weighig measurements may have wignificant error. The tech-
nigque requires spectal equipment and highly specialized traming. which
Hmit its use to speciahized facihiues. Expensive cquipment and the time
required to trann technical statt, coupled with the fairly Tonge time e takes to
do o measurement ot a single indnvaidual, prectudes this techmque trom
being usetul for accesston or retention sereening of mudttary personnel.

Bioelectric Impedance Analyvsis

The principle on which bioctectric tmpedance analvsis (BEAY s based s
that lcan tissue conducts clectnieity better than does tat tissue. Electrodes
are placed on the arms and legs. and o low-level current ts run through the
mdrvidual. Impedance --resistance to the tlow ot electricity-—ts measured.
and the pereent body tat s calculated by a tormula (Segal et al. 198K,
This technigue has been standardized for several populations. but as with
the techmiques mentioned above. fis less accurate when used inoa given
mdividual. Some traaning s required to achieve reasonable reproducibihity,
and there s stgmificant interobserver varation. The equipment s relanvels
mexpensive tabout S3.0000 S5.0000. and thus impedance measurement would
he feasible as a technique tor screening for accession or retention of per-
sonnel. Segal et al. (1988 found that the accuracy of this method v not
signitrcantly better than the results achieved with anthropometric measure-
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INTRODU CHTON AND BACKGROUND 9

ments. but Lukaski et al. (1985), and Kushper and Schoeller (19861 reported
that BIA s superior. It would appear that BIA. particularly with the most
modern equipment. is preferable to anthropometry. However, BIA as com-
monly used at present, does not give any information on regional fat distri-
bution which may be of military interest and importance. More research is
needed to validate this technique.

Options Requiring Major Equipment or Time

Several techmiques described in the literature are more accurate than the
techniques described above, but the expense of purchasing costly equipment
or the time required to perform the measurements may not make their use
teastble by the military services.  These techniques include dual photon
absorptiometry. neutron activation, whole body potassium 40 counting, elec-
tromagnetic conductance. and body water measurement by radioactive or
stable isotopes. Advances in the development of multicompartmental chem-
ical approaches to the determination of body composition in humans have
recently been summarized by Heyvmstield and Waki (1991). Most of these
technigques would be of great research interest for vahidating simple mea-
surements that can be used on a large scale in the military. but they are less
practical for rounine use. Of these methods, only dual photon absorptiometry
has potential tor routine use as a secondary measure of body composition by
the mulitary (see review in Chapter 10). Like many new technigues additional
vahdaton studies are needed.  This equipment alse requires a substantial
tinancial investment and specially trained personnel to operate.

FACTORS THAT MAY INFLUENCE BODY COMPOSITION

Age

Many studies have documented an increase 1 body weight and percent
body fat with increasing age. at least over the age range of active duty
military personnel (Borkan ct al.. 1983: Bray. 1976). For the majority of
people. LBM decreases with age and body fat increases with age. even it
body weight does not change. This fact i1s recognized by the military s age-
adjusted standards for body weight. body fatness, and performance. Alter-
ations in body composition with age also exacerbate the problem ot dit-
terences in accession versus retention standards for excess body weight
and body fatness. The rationale for the difference between accession
and retention standards in some branches of the military appears to be
related ro high levels of physical acuvity during basic training. which usual-
ly produce losses in body fat and gains in LBM. Obese individuals who
do not lose sufficient weight or body fat are discharged from the service.
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10 BODY COMPOSITION AND PHYSICAL PERFORMANCE

However, individuals who lose weight and meet the service retention
stundards may be at increased risk to regain this weight with advancing
age. may encounter increasing ditficulty in achieving the body fatness
standards, and may consume more resources in the form of weight reduction
programs or in administrative costs for separation from the service.

Gender

Women have a higher percentage of body fat than do men. Frisancho
(19834) has documented the gender-related difference 1in body composition
based on data from the National Health and Nutrittion Examination Survey
(NHANES) I and I1. For individuals 25 to 54 years old of average frame.
fiftieth percentile triceps skinfold thicknesses ranged from 11 to 15 mm for
men and 19 to 30 mm tor women depending on height and weigint. The
corresponding ranges tor subscapular skinfold thicknesses were 13 o I8
mm for men and 12 to 29 mm for women. Lohman (1981) reviewed data on
shinfolds and body density and the relationship to body fatness and con-
cluded that skinfolds predict body density with standard errors of measure-
ment close to that expected based on known biological and technical factors.
Most of the error was associated with variance related to age and gender. The
biological variation in predicting body fat trom densitometry was estimated at
3.8 percent for the general population (Lohman. 1981). Based on densitome-
try, Smalieyv et al. (1990) reported that men and women averaged 209 £ 7.6
percent and 26.3 + 9.4 percent body tat. respectively (1 = 363} These results
trom the general U.S. population thus provide the rationale for current
gender differences in body fat standards in the military services.

Race and Ethnic Group

The majority of studies evaluating body composition have been done in
Caucasians.  Many investigators have recognized that the methods current-
v used do not accurately predict body composition in Blacks, and their
applicability to other racial and cthoic groups, such as Asians. Hispanics,
and Native Amencans is uncertain (Malina, 19710 Mueller et al.. 1987:
Mueller and Malina. 1987: Zillikens and Conwav. 1990). A number of
speakers at this workshop discussed the problems of measurement of body
composition in racial and ethnic groups (see Chapters 6. 10, 11, and 13).
There is general agreement that Blacks have relatively greater bone mineral
mass. and there 1s some cvidence that muscle mass may be different n
Blacks and Caucasians (Cohn et al.. 1977a.h: Hampton et al.. 1966; Mers et
al.. 1956 Pollitzer and Anderson, 1989; Schutte et al., 1984 Secale, 1959:
Trotter and Hixon. 1974: Zilhkens and Conway. 1990). Formulas tor calcu-
lating body composition that have been developed predominantly from Cau-
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INFRODUCTION AND BACKCRODND /1

castans or even from mived groups may not adequately predict body com-
position in racial and cthnic ~ubgroups. The problem is further complicated
by marked differences in body composition depending on soctoeconomic
status (Brav. 1976: Cohn. 1977a: Goldblatt et al., 1965). Some of the
observed differences in body composition may also be explained by the
tact thut the soctoeconomic status of Blacks on the average is lower than
that of Whites. Evaluating differences in ethnic groups is also complicated
hecause new immigrants have smaller stature and lower body weights than
do later generations (see Chapter 13),

BODY WEIGHT, COMPOSITION, AND
PHYSICAL PERFORMANCE

The rationale for current standards for body weight and body composi:
tion in the military is that these measures are correlated with performance
of military duties. appearance. and overall heafth. In cont-ast to past stan-
dards. which were designed to exclude underweight or chronically i1l indi-
viduals from active dutv. the primary concern of the current standards s to
address excess weight in the military population. Spectfically. excess weight
or bady tatness is thought to impair military performance. Since 1960 and
particularly simce 19760 weight standards have been used to ensure that all
personnel are able to mecet the physical demands of their duties under combut

conditions and te present a oL trim mylitary appearance’” (AR 600-9. 19861
The Army turther states that excessive body weight = . denotes o lack of

personal discipline, detracts from military appearance. ard may indicate a
poor state of health. physical fitness. or ~tamina™ (AR 600-9, 1986). The
relationship of body weight and composition to performance in the military
i addressed below and a discussion of appearance standards follows.

Does Being Overweight Impair Military Performance?

Indicators of physical performance currently used by the military ser-
vives are shown in Table 1-1. The relationship of body weight and various
components of body composition to successtul performance of these activi-
ties varies with the activity,

Running abiity, sit-ups. and push-ups

In most tasks mvolving phvsical work, objects—including the bediy -
must be moved through space. The greater the body weight in general, the
more energy that must be expended simply to move the body (see Chapter
v, Cureton et al. (1978) (Chapter 5) used weight belts and <houlder har-
nesses toadd weights to normal volunteers in good physical condition.
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INIRODU CHION AND BACKGROUND 13

These authors found with this added-weight model that with increased body
weight there was a decrease in running performance. The changes in oxygen
consumption and running time reported in Cureton’s study were siratlar to
those seen with cross-sectional studies done with volunteers with different
body weights.  These results suggest that an added-weight-based perfor-
mance model used by Cureton et al. (1978) is valid.

Studies conducted by Vogel and Friedl. and separately by Harman and
Frvhman (see Chapters 6 and 74 also suggested that excess weight dimin-
ishes running performance and that, conversely, lower body weight 1s asso-
ciated with relatively better running performance. Because sit-ups and push-
ups involve lifting the body, these studies indicate that increased body weight
is associated with lesser performance. Therefore. as supported by the work
ot Harman and Fryvkman (Chapter 7). smaller, lighter-weight individuals do
well with these tasks of muscular strength and endurance.

Untortunatelv, performance on the standard physical traiming (PT) test
does not correlate well with measures of military performance. because
there i dittle need for unloaded ruaning. sit-ups. or push-ups in normal
daily mulitary acuvity. Although overweight individuals do relatively poor-
Iv and underweight idividuals do relatively well on PT tests, the usefulness
of these measures as a predictor of military performance is limited.

Load carrving ability and lifting

Unfike measures m the PT tests described above, load carrving abihiy
and lifung have a more direct relationship to military performance. Harman
and Frykman (Chapter 7) noted that moderately overweight imdividuals per-
formed reasonahly weii in load carrying ability as assessed by 20-km marches
with packs. In contrast, underweight individuals frequently underperformed.
These anthors noted that LBM was the best predictor of load carrying and
Hfting abilities. as discussed below. These authors also described studies of
the ability to push loads and produce torque and concluded that under-
weight individuals perform relatively poorly on these tasks, while over-
weight individuals generally perform adequately. perhaps due to their reta-
tively greater LBM. However, both load carrying and litting ability. as well
as performance during running. sit-ups. and push-ups. are impaired i sig-
niticantly obese individuals,

RELATIONSHIP OF LEAN BODY MASS VERSUS BODY FATNESS
TO PERFORMANCE OF PHYSICAL TASKS
As noted above, the compartments ol the body may be divided into

1.LBM and BFM. The standard measures of body weight and body mass
index twerght/herght™y may give a nusleading preture of actual body compo-
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/4 BODY COMPOSITION AND PHYSICAL PERFORMANCE

sittion.  Some of the speakers noted that being underweight and overfat is a
problem that may be more significant than overweight as a predictor of poor
military performance. which further emphasizes the importance of distin-
guishing overweight from overfatness. The data are quite clear that the
best correlations of all aspects of physical performance are with LBM.
Cureton {Chapter 5) found that exercise performance of fit, normal-weight
individuals decreased with increasing weight added by a weight belt and
shoulder harness. Their performance was similar to that of obese individu-
als of similar LBM, but greater body weight.

Harman and Frykman (see Chapter 7) discussed the relationship of LBM
in a variety of tasks relevant to military performance. LBM was the best
predictor of performance capability as assessed by maximal aerobic capaci-
ty. treadmitl run time. and [2-minute run distance. These studies pointed
out that body tatness was not a strong predictor of run time on an individual
basis. Fatness was associated with longer load carrying time to cover a
given distance. and LBM was associated with faster Joad carriage time.
Thus. lean individuals with a small LBM, or obese individuals with a high
body tatness, would be expected to do poorly on load carrying tests. These
studies also found a low but positive correlation of percent body fat with
lifting ability. probably because individuals with more fat tend to have
greater LBM.  As described above. LBM is positively associated with the
ability to push. carry. and exert torque. LBM was a better predictor of
performance ability with these tasks than was percent body fat. There was
a weak trend for fatter people to push and exert torque better. probably
because they could use their fat mass to generate momentum. Harman and
Frykman (Chapter 7) concluded that minimum LBM standards may be
more important to military performance than are maximum percentage body
fat standards. They suggested that recruits should be required to meet
standards for both minimum LBM and maximum percent body fat. They
further suggested that recruits be required to pass physically demanding
performance tests that closely simulate military tasks hefore entry into
the service. Many police and fire departments currently require such tests
betore accession.

There is a lower level of physical performance for the average woman
versus the average man. due in large part to the lower LBM and not 1o
differences in body fat. Cureton (see Chapter 3) evaluated running pertfor-
mance in men versus women and found that most of the difference in
performance could be explained by the differences in LBM. but there were
also differences in energy efficiency during running. He stated that other
investigators have not found this difference in running efficiency, so more
research is needed to determine if all of the differences in performance
between men and women can be explained on the basis of differences in
LBM._ or it there are more fundamental differences in muscle function,
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INTRODUCTION AND BACKGROUND IA)

{n countrast to the findings above, Jones et al. (Chapter 9) found that
increased body fatness had a weak but positive correlation with lower run
times 1in women trainees. The explanation for this finding is not clear, but
may relate to the greater LBM of the somewhat fatter women.

By having more stringent body tat standards for women. women in-
ducted into military service are selected for performance abilities closer to
those of men than to those typical of the average American woman. Thesc
less-fat women service personnel may be better able to carry out the tasks
involved in normal military operations.

RELATIONSHIP OF BODY COMPOSITION AND INJURY

Jones et al. (1988) evaluated the association of fatness. fitness, and
injury among U.S. Army trainees at Fort Jackson, South Carolina, in . vo
studies in 1984 and 1988, Women trainees suffered significantly more inju-
ries than did men (50 percent versus 27 percent). These injury rates. how-
ever, did not correlate with body fatness. In both men and women, there
was instead a significant correlation of injury rate with body mass index
(BMI). Individuals at the lowest quartile and the highest quartite of BMI
had sigmficantly greater injury rates than did individuals in the middle
two quartiles. Jones also found that greater aerobic fitness. as measured
by l-mile and 2-mile runs, was strongly associated with a decreased risk
of injury. However. he pointed out that despite the correlation between
poor fitness and injury and between poor fitness and fatness, there was no
correlation between fatness and injury.

Jones et al. (Chapter 9) speculated that women and men with a low
BMI do not have sufficient muscle mass to endure vigorous physical
training under the conditions present in military basic training programs.
Again. this seems to suggest that the absolute amount of LBM is a critical
factor and provides justification for assessment of LBM and physical
performance abitity in military recruits betore accession,

RELATIONSHIP OF BODY COMPOSITION TO HEALTH

BMI is retated to all causes of mortality and increased morbidity from
specitic diseases such as cardiovascular disease. hypertension, and diabetes
mellitus. Bray (1989) reviewed @ number of prospective and retrospective
studies that included data on the effects of being overweight on health.
Both general data trom the American Cancer Society (Figure [-1) and a
study from Norway indicated that a minimum mortality was associated
with a BMI between 22 to 25 kg/m- for both men and women. Bray con-
cluded that fat distribution, particularly increased abdominal fat, was a more
important risk factor than overweight for morbidity and mortality.
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16 BODY COMPOSITION AND PHYSICAL PERFORMANCE

Cardiovascuiar ’
Gall Bladder
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FIGURE T-1  Mortality ratio and body mass index. Data from the American Can-
cer Society study have been plotted tor men and wormnen to show the relationship of
hady mass indey to overall mortality. At a body mass index below 20 kg/m= and
above 25 kp/m” there is an increase in relative mortality.  The major causes for this
increased mortality are listed along with a division of body mass index groupings
into various levels ot nisk, JAdapted from Lew and Garfinkel (1979, Copyright
1976, George AL Brav. MDD Used by permission.j

In particular, as shown in Figure 1-2, there is an increased nsk of
hypertension, gall bladder disease. and diabetes with increased anrdominal
tat, The percentage of the population affected increases with greater obesi-
tv. Given the high cost of obesity in terms of health risk, Bray cecom-
mended large-group behavior modification in the work place as the most
cost-cffective treatment for obesity.

Body fat distribution may be more important than total body weight or
body fatness as a risk tactor for several diseases including hypertension,
diabetes, and cardiovascular discase.  Increased abdominal fat, as assessed
by a high waist-to-htp circumterence ratio increases health nisk for these
discases. Complicating these observations is the fact that body fat distribu-
tion differs among racial and ethnic groups (Cohn et al.. 1977a.b: Hampton
et al.. 1966; Mecrz et al.. 1956; Schutte et al., 1984; Seale, 1959; Trotter and
Hixon, 1974: Zillikens and Conway, 1990). Few studics have addressed the
health risks of ditferent racial and ethnic groups with sitmlar degrees of
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FIGURE 1-2 Relationship of the abdominal (waist) to gluteal (hips) circumterence
ratio to various risks of obesity. [Data from Blair et al. (1984). Copyright 1988,
George A. Bray. M.D. Used by permission. ]

abdominal overweight. Evaluation of ethnic group differences is complicated
by the fact that new immigrants have a smaller stature and lower body
weights than do later generations (see Chapter 13). Furthermore. some of
the factors that are said to predict health risks are different among ethnic
groups. Haftner et al. (1986) showed that increased abdominal fat. which i<
a major risk factor in Caucasians. does not carry the same risk for Hispan-
ics. Stevens et al. (personal communication) have shown that a high waist/
hip ratio is not associated with higher mortality in Black women studied in
the Charleston Heart Study. Recent research (Dowling and Pi-Sunyer, 1990)
also indicates ethnic variability of these risk factors. More research is
needed in this area.
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/8 BODY COMPOSITION AND PHYSICAL PERFORMANCE

BODY COMPOSITION AND MILITARY APPEARANCE

Part of the rationale for a body composition (that is. body tat) standard
in the military is that, according to AR 600-9 and similar statements from
the other services. all personnel are to . . . present a trim military appear-
ance at all times™ (AR 600-9. 1986). A “trim military appearance” is a
subjective criterion that is difficult to define in any scientific sense. Cur-
rently, this determination is made by local commanders who are not provid-
ed with standardized criteria on which to base their decisions. Although
there would be little trouble finding consensus among multiple observers on
grossly obese or overweight personnel in terms of meeting an appearance
standard, a direct generalizable relationship between body fat content and
military appearance is not likely to be observed. Some overweight and
overfat individuals “carry their weight better” than others depending on
skeletal structure, body type, and body fat distribution. Some individuals
who fail to meet the body composition standard may even be of normal
weight but are overfat and have a lower LBM. Caution must therefore be
exercised in making subjective assessments of a trim military appearance.

ASSESSING BODY COMPOSITION FOR INDIVIDUALS WHO
FAIL TO MEET MILITARY STANDARDS

For individuals who fail to meet performance standards or subjective
standards of trim military performance. appropriaic inerapy and administra-
tive actions for weight reduction and weight control are warranted within
military guidelines. Anthropometric techniques such as circumferences or
skinfold measurements. currently in accordance with published procedures,
should be used as the first assessment of body fat burden. Reliance on
these daw 1s appropriate where individuals agree and respond to a weight
reduction program involving modest calorie restriction and moderately in-
creased physical activity. However. more accurate and reliable techniques
for assessing body fat burden should be used when any of the following
conditions exist:

* the level of body fat burden is disputed,

+ the individual routinely engages in heavy physical activity and/or par-
ticipates in body building or physically demanding sports,

* the individual appears to be making a sincere effort to lose weight but
shows little or no progress, or

+ the individual resists or fails the appropriate weight loss program and iy
being separated from service.

The recommended techniques for measuring body fat under these cir-
cumstances include underwater weighing. body volume measurement. total
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INTRODU CHION AND BACKGROUND 19

body water measurement, or total potassium 30 (*’K) measurement, although
these methods. as noted carlier, have limitations.

The procedures described above also are subject to some minor risk.
which should be described to the patient. For some individuals. compliance
with necessary conditions for underwater weighing is difficult or impossible
because of an inherent fear of being submerged in water. Some individuals
who sufter claustrophobia will be unable to comply with *’K measurements.
Others are likely 1o object to the administration of substances for total body
water measures. 1t is recommended that informed consent be obtained betore
any of these procedures are pertormed to avoid possible legal action. How-
ever. retusal to participate should not intertere with administrative actions.

COMMENTS ON BODY COMPOSITION STANDARDS

The standards for weight and body fatness for accession and retention
i the mihitary services are significantly ditterent for men and women. The
standards recognize that women have a higher percent body fat than men:
the Department ot Detense standard levels of body fatness are 20 percent
tor men and 26 percent for women. However, c¢riteria tor accession and
retention are not equal for men and women who have a level of fatness that
exceeds the standards. For accession into the Army, 16 to 20 year old men
can be approximately 37 percent above the medium-tframe “desirable™ weight
from the 1959 Metropotitan Life Insurance Tables (see Appendix C). but 18
to 20 vear old women can be only 6 percent above the medium-frame
“desirable”™ weight. Differences in accession standards for men and women
also exast for the Navy and Air Force. Retention standards for the Army are
more strict for women. Although men aged 17 to 20 can be 14 percent over
“desirable weight™ o remain in the Army, women aged 17 to 20 can be only
3 percent or - (see also Appendix B). Current weight criteria suggest that
approximate. 79 percent of women Army recruits are not acceptable for
accession vers . only about 3 percent of men recruits (see Chapter 3).

Asindicated earlier, women accepted into military service are selected
tor performance abilities that are closer to those of men than to those of the
average American woman. These less-fat women in the services with a
grcater LBM may be better able to carry out the tasks involved in normal
military operations. A second rationale for stricter criteria for women 1s the
perception that women have more injuries due to increased body fat. This
rattonale may derive from the perception that overweight and increased
hody fat are assoctated with an increased risk of injury. However, Jones et
al. (198R8) conducted studies during basic training at Fort Jackson. South
Carolina. and found no association between fatness and injury in either
women or men. In both women and men, injuries were associated with both
the highest and lowest BMI quartiles. These data suggest that low weight-
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20 BODY COMPOSITION AND PHYSICAL PERFORMANCE

tor-herght individuals are prone to injury and that individuals with heavier
body weights. regardless of fatness, are prone to injury. Women suffered
significantly more injuries than men (50.5 percent versus 27.4 percent).
The reasons for this result are not clear, but Jones speculated that women
and men with 4 low BMI do not have sufficient muscle mass to endure
vigorous physical training under the conditions present in military basic
training programs. Again, this finding seems to suggest that the absolute
amount of LBM is a critical tuctor and provides justification for assessment
of LBM und physical performance ability before accession.

The current body fat standard in the military appears to discriminate
against women. The Services recogmize that women have a higher percent
body fat and allow for these ditferences between men and women. How-
ever. standards for women allow less excess over “ideal weight”. These
major differences i standards tor men and women discriminate against
women.  Although ferale soldiers may be fatter in absolute terms than
male soldiers, they are required to have a greater percent LBM in relation-
ship to a gender-specific mean than are men soldiers. However. it is also
true that the physical performance standards n the military discriminate
against men in that higher performance levels are required for male soldiers
than for female soldiers.  As mentioned above, LBM correlates positively
with physical performance. and theretore it ts a better predictor of physical
performance than is BFM. which has a weak negative correlation with per-
formance. Paradoxically, fatter women may perform physical tasks better
than less fat women because they have a higher LBM. The question of the
appropriateness of current body fat standards for men and women in the
military cannot be answered separately from the question of whether there
should also be a minimum standard for LBM. These issues become of
increasing importance as women move into more military occupation spe-
cralties as an outcome of the Persian Gulf War and societal trends.
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Conclusions and Recommendations

CONCLUSIONS

As stated in the Introduction. the Committee on Military Nutrition Re-
search (CMNRY was asked to respond to seven specitic questions dealing
with the body weight and composition standards of the military. The com-
mittee’s responses 1o these questions are as tollows:

1. Can or should physical performance assessments he used as cri-
teria for establishing body composition siandards in the services?
Aerobic fitness. as assessed by the current physical training tests, 18 an
appropriate indicator of physical fitness Yor mihtary personnel. However,
serious vonsideration should be given to developing job-related performance
tests. such as hifung and carrying tasks, that are more closely related o
actual military activities. These tests should be used o help develop body
composition standards that are more closely refated 1o phyvsical performance
of military tasks.

2. What is the relationship between body composition and perfor-

mance?
Within the range of body composition exhibited by current military person-
nel. there 1s no consistent relationship between body tat content and physi-
cal performance. There is. however a direct relationship between physical
performance as measured by tests of load carrying ability and lifting abili-
ties and the amount of lean body mass.
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3. The services currently use a maximal body fat standard. Should

they also establish a minimum fat-free or lean body mass standard?
In view of the positive relationship between fat-free or lean body mass and
physical performance, the mititary should seriously counsider establishing a
minimum standard tor lean body (that is. fat-free) mass. There is doubt
amony the members of the CMNR as to whether the mititary should centin-
ue to employ a maximal body fat standard.

4. What factors should be considered in setting body composition

standards?
A body composition standard in the military should be bascd primanly on
ability to perform required physical tasks and secondart!y on long-term
health implications. A stronger rationale needs to be developed o Pasing
the standard. This conclusion relates only to service-wide stardards, not
the more stringent standards required for particular militar, occupation
specialties.

5. Are performance and body composition standards redunda:.?
It job-related performance standards were in place, a body composition
standard would be unnecessary in relation to physical performance.

6. If performance criteria exist, are weight-fat standards needed?
Because body weight and composition have health implications entirely
aside from the question of physical performance. such standards are desir-
abie.  Also, if the military determines that appearance is a sufficiently
critical factor that it outweighs the cost of enforcing weight/fat standards.
then appearance standards would be needed.

7. How does one rationalize the different uses of body composition

for performance, appearance and health?
As stated above, body fatness is related to long-term health, and lean body
mass is refated to some aspects of physical performance. Appearance of
different individuals at the same body weight and fat content can vary
considerably depending on other tactors. A stronger rationale for an ap-
pearance criterion and standards that define acceptable and unaccetable
appearance needs to be developed.

RECOMMENDATIONS

On the basis of the papers presented by the invited speakers, discussion
at the workshop. and subsequent committee deliberations. the Committee on
Military Nutrition Research (CMNR) presents the following recommenda-
tions to the Army Medical Research and Development Command regarding
hody compuosition and physical performance as it relates to accession and
retention standards for the military services:

« Al services should develop job-related physical performance tests to
use for accession into military service.
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CONCLUNIONS AND RECOMMENDATIONS -/

* The differences betweon accession and retention standards tor body
weight need reevaluation tor adl services.!

+ An nequity exists i body composition standards for men and wom-
en. Accession and retention standards for body weight and body fatness in
men and vomen shoutd be reevaluated in the hight of all factors discussed
in this report.!

* The appropriateness of current hody composition standards needs to
be validated tor the signiticant ethnic groaps ropresented in the military
ServVices.

< Aiclationship between trim military app« arance and military pe-for-
mance could not be identified. 1 the mubitury determines that a trim o -
tary appearance is importani, objective criteria should be developed to the
extent possible tor appearance evaluation,

« For andiv duals who fuce separation trom the service for fatliv g to
meet body composition standards. it o suggested that the military identity a
limited number of military centers that can perform more specific measure-
ments of bady composttion (tor example. dual photon densitometry, under-
water werghing, and body water) and to which the individuads in question
could be reterred tor further evaluation,

ARVAS FOR FUTURE RESEARCH

The Committee on Military Nutrition Research (CMNPE) suggests sev-
cral arcas tor future rescarch within the military related to body composi-
tion and physical pertormance. The CMNR believes that the military ser
vices. through s pool of volunteer personnel, have an excelent sod often
unique Oppoiunity to generate statistics about nuirition, health, and well-
heng of service personnel that can be directly applied toward improved

fin Apnt. 1991 D)o A Vaogel and MAS K E. Fried], Occapational Health and Portor
mance Directorate 7 S0 Army Research Institote of BEnvicesmental Mediome, presented o
bBricting and 4 proposal fer revivions ta Army Accession (AR 40 S0 and Retention ¢ AR #0¢
91 Standards to LEG Renos These recommendations (See App adid D were approved at the
bricting s aresubt, or May 701991 the Army retention stan ard CAR 60091 was amended
tor women by ancreasing the allowable percent body tar standards by 2 percent bady fat anirs

.

tor each ags proup as follows 17220 v formerly 28 pereent amended o 30 percent. ” \

tarmerly 30 percent amended to 32 percent, 2839 v tormicny 32 percent amended 1o 33
percent. 40w v formierhy 3 percent amended to 36 percent Changes to the Army Accession
Standard PAR 6030 a8 propesed went anto cttect on October 101991 These changes result
othe Nrany swatching 10 4 body far standard for accession, reduaing the accesston standard
tor mien to net exceed 3 percent body fat uns over retention bt standards. and anke the body
far accession standards too women the same as the newhy povised rereation standards
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health ot muhitary personnet and for the general LS. population. Research
on the tollowing topies is recommended:

« the development of service-specilic standard tests of military perfor-
mance that more accurately reflect military activitics:

+ the relationship of bodv composition to military and physical perfor-
mance among men and women, including consideration of the relationships
ot lean body mass. height. and physical performance:

« the relationship of body tat distribution and body composition to
long-term health outcome tn carcer mihtary personnel, specific for race and
sender; and

+ the relattonship of injuries to components of body composition (spe-
cifically bone density and lean body mass).

Two additional areas of rescarch were not specifically mentioned in the
task posed to the committee tor this project: however. in view of the unique
opportunities avallable for research within the military setting and atforded
by oits data bases. the CMNR recommends that the military conduct research
i these arcas 1o increase general knowledge related to body composition

and physical performance:

« A retrospective study of the Medical Remedial Enlistment Program
(MREP)Y data base to evaluate (a) long-term health status and performance
ot overweight recruits and overweight personnel in general. and by cost-
benefit analyses ot enrolling individuals who are overweight at the time of
cnlistment.

» The refationship of body composition to emotional and psychological
tactors i military units: (a) psychological effects of being overweight and
underweight on individuals in a military setting: (b) psychological effects
on unit morale of having overweight and underweight individuals present in
the umit; and (¢ an evatuation of officers’ and noncommissioned officers’
attitudes and possible biases toward the presence of overweight and under-
wetght individuals in potential combat situations.

The Committee on Military Nutrition Research is pleased to participate
with the Division of Military Nutrition, USARIEM. U.S. Army Medical
Rescarch and Development Command, in programs related to nutrition and
health of American military personnel. The CMNR hopes this information
will be useful and helpful for the Department of Defense in developing
programs that continue to improve the hlitetime health and well-being of

service personnel.
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PART II

Invited Papers

I\ PART I THE EXPERT Papers that formed the basis for the development of
the summary and recommendations presented in Part | are included
i the order presented at the 107 dav workshop, Each speaker was asked to
carefully review the literature in their own field of expertise as it refated to
the seven questions posed to the commitiee, make critical comments on the
relevani rescarch including their own work. and end with their individual
recommendations. After the workshop. each author was given the opportu-
nity to revise or add to their papers based on committee questions. The
papers were then submitted in writing and used by the committee in the
development of Part 1. Although focused on the relationship of body com-
position to physical performance in the military services, these chapters
alvo provide a state-of-the-art review of body composition and physical
performance that is relevant for many settings and occupations.
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Body Composition and
Military Performance:
Origins of the Army Standards
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Excesstve body fat connotes a lack of personal discipline, detracts from
military appearance. [and] may indicate a poor state of health, physical
fitness, or stamina.

(AR 600-9. 1986)

INTRODUCTION

The primary intent of physical standards in the military has always
been to select soldiers best suited to the physical demands of military ser-
vice. This standard has usually meant the selection of soldiers who at least
looked as though they could carry loads and tight well. Currently. body fat
standards are part of the U.S. Army’s fitness emphasis to ensure that forces
“possess the stamina and endurance to fight in extreme ciimutic and terrain
environments” (Study of the Military Services Physical Fitness, 1981).

For most of the past century, weight-for-height has been a key physical
discriminator of a recruit’s fitness for military service, but until recently.
these standards were used only to exclude underweight candidates. Weight-
for-height standards were relevant when a sizable proportion of draftees and
volunteers were malnourished. tuberculous, or had parasitic diseases: un-
derweight was a good marker of such individuals who were clearly unsuited
to the physical demands of the military. The need for height-weight stan-
dards has diminished as the importance of these diseases has diminished. In
addition to advances in health care. improved nutrition over the past century
has produced increases in the mean height. weight, and fat-free mass of
soldiers (Table 3-1) (Karpinos, 1961). However, improved nutrition has
also increased the importance of health risks at the other extreme of body
size, with excessive fatness due to overnutrition. Although tuberculosis
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TABLE 3-1 Comparison of Some Anthropometric Characteristics ot Male
Soldiers in 1864, 1919, 1946, and 1984

Year of Study (n¥*

Anthropometric 1864 1919 1946 1984
Characternistic (23.624) (99.449) (85.000) (R6Y)
Height tinches) 67.2 67.7 68 .4 68.6
Weight (pounds) I41.4 144.9 154.8 166.8
Age (years) 25.7 249 243 26.3
Neck girth vinches) 136 14.2 14.5 4.5
Chest girth tinches) 315 319 3647 35.5
Waist girth (inches) 3s 34t IR 327
Estimated body fat (percenty 16.9 157 14.4 17.3
Fat-free mass (pounds) 117 122 133 138

NOTE: Relative body fat is estimated trom mean values for height. neck, and waist, using
the Aimy crrcumterence method as published o AR 600-9 (AR 600-9, 1986). The value is
based on hydrostatcally determined body fat esumated in 1984 soldiers.

*n = npumber of men in the study

“Chest circumterenve measurement did not specify expiration although 1t was the specified
standard 1n the physical examination regulation 1 existence at the time: the other three values
are tor chest at expiration.

Measurement at natural waist adjusted upward by .66 ¢m, the mean ditference between
“natural wannt” arcumterence and circumterence at the umbihicus i 1983 soldiers: no adjustment
was made tor 1864 because measuring was done over clothing.

SOURCE: 1864 Gould 11869); 1919: Davenport and Love (19211 1946: Randall (19471
1984 Fitzgerald et al. 11986y, Used by permission,

was a feading cause of death in the early 1900s, the leading cause of death
in 1987 was heart disease (Surgeon General's Report on Nutrition and Health,
1988). Prompted by these health trends and the current national obsession
with body tat and fitness, the principal target of physical standards in the
Army has shifted from underweight to overfat soldiers. The use of these
standards has also changed from simple entry selection criteria to standards
that must be maintained throughout an Army career by anpropriate nutrition
and exercise.

The current U.S. Army Weight Control Program (AR 600-9, 1986) and
the objectives of this regulation will be outlined here, as well as carlier
policies and how the Army arrived at the current policy. standards. and
method of assessment. From this historical review it will be evident that in
the last decade, two important considerations have been dropped. possibly
mnadvertently. from the current standards: (1) the low-end standard (or
strength testing) to emphasize the importance of an adequate tat-free mass
and (2) the confidence interval built into these standards. based on the
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ORIGINS OF ARMY STANDARDS 33
precision of the measurement methods and the relative strength of the rela-
tionship between body composition and the desired objective, retention of
combat-ready soldiers.

THE CURRENT ARMY WEIGHT CONTROL PROGRAM:
POLICY AND GOALS

All soldiers, regardless of rank. are weighed at 6-month intervals to
demonstrate that they are below tabled height-weight limits (divided by
gender and into four age categories).  Soldiers exceeding these screening
weight standards are assessed at the unit (company) level for body fat by an
Army-developed circumterence method. which s described below. I a
soldier exceeds fat standards prescribed by gender and age. the unit com-
mander must eater the individual in the U.S. Army Weight Control Pro-
gram. The commander is required to provide motivational programs to the
soldier, including nutrition education sessions and exercise programs.  As
additional incentive to achieve the standards. the soldier’s records are flagged
to prevent: reenlistment. assignment to command positions, favorable ac-
tions such as awards, and transter to any professional schooling beyond
initial entry training. A soldier who fails to make satistactory progress
toward weight or fat loss—determined as failure to achieve a 3- to 8-pound
weight loss/month in 2 consecutive months—can be discharged from the
Army under a separation action for tailure to meet the weight-control stan-
dards. A medical evaluation 1s required for a soldier being considered for
separation to ensure that the overtatness is not due to an underlying illness.
A soldier is cleared from the program only by achieving the body fat stan-
dard by the Army circumference method. The upper limits of permissible
body fat are shown i Table 3-2. Although personnel are held to these

TABLE 3-2 Upper Limits of Permissible
Body Fat. U.S. Army. [990*

Percent Body Fat

Age Range Men Women
1720 20 pereent 28 percent
21-27 22 30

2839 24 2

>0 26 RE

*These iimits were increased by 2% for women
wnee this mectimg was held. 1See Chapter 2)
SOURCE" AR 600-9 (1986,

e s i

e —————

PR

- - oo



a4 KARL FE FRIED!

FABLE 3-3 Chronology of U.S. Army-Relevant Body Composition
Studies and Policies

I863-186S LS. Sanitary Commission Study of Civil War soldiess, Detaited mquiry
into soldier physique by B. A, Gould.

175 Statistics compiled from physical examinations of approximately
500,000 Civil War recruits by J. H. Baxter.

IRR7 First U.S. Army height-weight standard tables.

1a12 Medico-Actuarial Mortality Investigation.

19171919 Davenport and Love analyze physical examination data of 2.5 million

World War 1 draftees (1917-1918) and anthropometry ot 100,000

demobtlizing soldiers.

1907-1928 Biometric study of U.S. Army officers. Analysis of annual health
examination data over 20 vears.

1943 Herght-weight means of 465.000 World War 11 sefectees collected and
later tabulated by B. D. Karpinos (Otfice of the Surgeon Generali.

1946 Quartermaster Corps conducts an anthropometric study involving 66

body measurements of 105,062 men at six Army separation stations,
Photographs ot 39,376 of the men were somatotyped by Hooton.

1966 New maximum weight limits issued. tabled by age and by gender tArmy
Regulation 40-501).

1976 Army Physical Fitness and Weight Control Program regulation is
released with new tables {AR 600-9).

1980 Review of militury fitness is ordered by President Carter. This results in

Department of Detense directive 13081 (June 1981). directing the use
of hody composttion standards and a proactive emphasis on fitness
and weight control.

19%3 Revision of AR 600-9, issued as “The Army Weight Control Program™,
specified use of body composition stundards with penalties tor
soldiers ot meeting standards. Use of Durnin Womersley equations
as mtenm method.

IRLE) Army Body Composition Project developed Army body fat equations by
comparison to hydrostatic weights in Army men and women and
collected information on fat relationship to fitness and mititary
appearance.

1YR6 Revision of AR 600-9 detatled circumference-based methods of 1at

estimation,

standards, the regulation encourages all personnel to achieve the more
stringent Department of Defense goal of 20 and 26 percent body fat for men
and women.

The intended purpose of these standards. as stated in the current Army
Regulation 600-9 (AR 600-9, 1986) is explicit. It is “to insure that all

personnel:
(1 are able to meet the physical demands of their duties under combat

conditions, Jand)
12y present a trim military appearance at all times.”
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ORIGINS OF ARMY STANDARDS 35

The use of physical standards to ensure the combat readiness of the Army
comes out of a long evolution (sce Table 3-3).

THE DEVELOPMENT OF MILITARY ACCESSION STANDARDS

Physical Standards in Relation to the Demand for Soldiers

Some physical standards have changed easily with the need for soldiers.
which suggests that what may be portrayed as a soldierly characteristic may
not be solidly rooted in combat necessity. Height is an example. European
monarchs prided themselves on their tall soldiers; it was also convenient to
have men of about the same height for drill and ceremony. Some eugeni-
cists claimed that criminals tended to be shorter than the rest of the popula-
tion (Baxter. 1875), and a retired military surgeon proposed that physical
characteristics could identify future heroes (Foster et al.. 1967). Thus. the
minimum height for U.S. soldiers was 66 inches earlv in the nineteenth
century and has progressively lowercd. with the ieast stringent requirements
{no minimum height standard during part ot the Civil War) comnciding with
national emergencies when new recruits were in greater demand (Figure
2-1). The Romans also imposed height standards on their soldiers, and the
usefulness of this selection standard was questioned even then. Vegetius
Renatus, a mititary philosopher. suggested using a more subjective visual
appraisal ot potential recruits. noting that “when all these marks are found
in a recruit. a hittde height may be dispensed with, as it 15 of much more
importance that a soldier should be strong than that he should be tall”
(Baxter. 1875). When health screening capabilities were less advanced.
height standards served a health fitness screening purpose: for example.
short stature could retlect disease and poor physical development. Thus,
even after caretul review of physical standards during World War 11, men
less than 60 inches in height were “nonacceptable™ (U.S. Congress, 1944).
Today. the best rationale tor current height standards is practical: to fimit
the range of sizes for uniforms, protective ensembles, and workspace di-
miensions. However, when other reasons are dismissed. commanders argue
trom anecdotal experience that short soldiers simply cannot carry the same
load as their average-height peers (Davenport and Love, 1921,

Early Scientific Investigations of Soldier Physique

More than a century ago, scientists such as Benjamin Gould recognized
the importance of military anthropological studies. Gould was invited by
the US. Sanitary Commission to perform an ambitious study on soldier
physique with detaifed demographic and anthropometric measurements on
22785 soldiers studied at various Civil War camps. and with substudies on
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MINIMUN ACCZPTARI F HEIGHT (inches)

68 -
sources: refe-nrces #3 & 9
67

66

64 -

63 -
g2
61 -
60 - ‘
-§8EnNninnit
58 - '

1802 1846 1851 1864 1867 1874 1917 1918 1919 1923 1940 1944
DATE OF REGULATION

o

FIGURE 3-1 U.S. Army male standards for muinimum acceptable herghts, as they
have changed with the demand tor soldiers. SOURCES:  Davenport and Love
(1921 Foster et al. (1967,

captured rebels. Troquots Indians, Black soldiers. and treed staves (Gould.
1869).  Although the study was curtailed by the Secretary of War, it suc-
cesstully outlined some anthropometric relationships with respect o age,
health, and strength among Civil War soldiers (see Figure 3-2).

Gould tested several proposed relationships between adult weight and
height and concluded that the weight/height™ formula of the Belgan scien-
tist. Lambert A. J. Quetelet, was the most suitable. Current weight screen-
ing tables are based on Quetelet’s index. Gould also discovered that mean
weights did not change significantly in this study population after age 22.
This trend was not readily apparent in subsequent studies, presumably be-
cause of reduced activity levels and improved nutrition, with consequent
increases i weight and fatness becoming virtually inevitable with age. Weight
was investigated in terms of height, chest size. age. health. race. service
tArmy versus Navy). length of service. pulse and respiration. Some of
these latter investigations were influenced by the earhier work of John Hutchinson.
who had pioncered studies of vital capacity and had also developed some of
the first tables of “desirable™ weight-for-height (ranging from 21.4 to 23.0
kg/m?) for tife tnsurance companies. In 1846, Hutchinson observed a loss
of vital capacity with excess weight and concluded that individuals as little
as 7 percent over his weight tables had a measurable reduction in vital

e e

.




37

FIGURE 3-2 Dr. Gould's “andrometer™, one ot several devices desigaed tor anthro-
pometric and physiologieal data collection on Civil War soldiers. This device en-
abled rapid measurement of height, croteh height. lower leg tength, and breadths of
the neck. shoulders and pelvis. Tt was based on a device used by an Edinburgh wilor
commissioned to manutacture umtorms for the English Army. SOURCE: Gould
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capacity (Baxter. 18751, Untortunately. Gould never completed these anal-
yses or those trom his intriguing strength measurements. For these studies
a dynamometer was devised to measure something approximating deadlift
performance:  healthy White soldiers could 1ift an average of 330 pounds
(o= 12,157y with a strength apex at 24.5 years of age. He found that the
bigger men were the stronger soldiers. with mean lifting strength equal o
about 2.25 to 2.5 nmes their body weight. although Iroquois Indians far
surpassed all other subjects m this measure (Gould. 1869).  Gould also
warned about a significant bias that is still a problem for military data
collected today:  the data are hmited because they pertain to only one
gender and “to those ages. for that sex, in which the physical changes are
least marked.”

The ultimate report consisted of only a portion of what the Sanitary
Commission had hoped to present as an incidental contribution to military
and anthropological knowledge.”™ The National Academy of Sciences pro-
posed to follow up on Gould's work with a study of World War [ drafteex.
but the study was turned down by the War Department as inappropriate
during the national emergency (Davenport and Love, 1921). No single study.
quite as ambitious in scope. has since been attempted.

Standards of Physique in the Civil War: Eye of the Physician

At the time of the Civil War. general regulations specified that the
surgeon would ascertain whether a draftee’s “limbs are well formed and

sufficiently muscular ... his chest s ample and well formed. in due propor-
tion to his height and with power of full expansion . . . whether the abdomen is
well formed and not too protuberant ... (Baxter. 1875). Height and chest

circumference measurements were to be considered. but only as part of the
screening physician’s subjective “estimate of the man’s physical capacity.”™
These regulations were influenced by standards imposed by European armies.
such as the British and French, which involved minimum heights and chest
circumterences. However. in those countries, the standards were administered
by the recruiting ofticer in advance of any medical screening.

Weight was less consistently assessed during the Civil War but if used,
it was by a screening physician to evatuate for underweight. not overweight
{Ordronaux. 1863). Nevertheless, conscripts with notable obesity, such as
one Sl-inch man weighing 313 pounds. were exempted (Baxter. 1875). Colonel
Jedidiah Baxter (1875) summarized the rationale for physical standards of
his time:

Weight is not a regulated quality in any code of laws governing the enlist-

ment of recruits. The circumterence of chest thought to be indispensable

as an accompaniment to certain degrees of stature, is carefully laid down in

the English regulations. but weight is not even mentioned. It is presumed
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ORIGINS OF ARMY STANDARDYS 39

that the matter is left to the discretion of the examining surgeon, with

whom the decision as to the other qualities named might, it is thought, be

also left with advantage. A due proportion in the weight is quite as essen-

tial in the soldier as a well-formed chest, and is of greater importance than

jotty statare. In former tmes, when it was necessary 10 make use of a

ramrod in loading a musket. men of a certain height were absolutely neces-

sary for the service: but in these days of breech-loading arms, a man from

S feet to 5 feet 4 inches in stature. and well proportioned in build and

weight is. ceteris paribus, as serviceable a soldier as can be desired.

Thus. it was a physician’s subjective assessment of a recruit’s suitabili-
ty to the demands of military service that determined Civil War selections,
and this evaluation emphasized adequate weight, height. and chest size.
The first U.S. Army table of weight-for-height was published later. in 1887
(Reed and Love. 1932),

Published Standards for Physician Guidance

By the time of the World War I call-up, the carlier physical standards
were coditied with specitic guidance for examining physicians. Desirable
weight-for-height standards were clearly specified. but men who were evi-
dently vigorous and healthy were permitted a lower minimum weight (Table
311, Below these absolute limits, men were classified as underweight.
which was usually grounds for rejection (Love and Davenport. 1919). Draftees
were also rejected for deficient chest measurements as a reflection of not
being “well developed and muscular.™ A man was considered untit for
military service if general examination proved him to be “undersized. un-
derweight. undeveloped. pale and emaciated. poorly nourished with thin
flabby muscles. or manifestly lacking in stamina and resistance to disease.”
in contrast. obese applicants were eliminated only for overt morbidity or if
their weight was excessive for cavalry service (Foster et ak., 1967). Thus,

variations in weight above the standard are disqualitying if sufficient 1o

constitute such obesity as to interfere actually or potentially with normal

physical activity, as may he evidenced by high blood pressure, a beginning
nephritis. breaking down of the arches of the feet. or other defects cident

to such condition. No applicant will be accepted for Cavalry service whose

weight is in excess of 180 pounds (AR 30-105. 1923).

In 1918, 2.6 percent of all candidates (approximately 75.000 men) were
rejected for military service for being underweight: only 4211 men were
rejected for obesity and others classified as obese were still accepted for
military service because “the variation was correctable with proper food
and physical training™ (Love and Davenport, 1920). Thus. obesity was
functionally determined by the examining physician. and underweight was
now defined by published height-weight tables.
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TABLE 3-4 U.S. Army Standards for Weight and Chest Girth, 1917

Permissible Minmimum

Standard Accepted Measurement Varaton®
Herght Werght Chest Circumterence Weight Chest Crreumierence
tinchesy tpounds) tinches)” (pounds) tincheny!
6l 11X 3 110 30
62 120 31 114 30
63 124 R 12 W
64 12% 32 113 30
63 130 32 114 0
66 132 32 16 30
67 134 13 (R )
[sh 141 R 121 RIS
69 148 A 124 3
70 155 4 12% 3o
M 162 RE et 133 B
72 169 34 v 138 A
T3 176 IS A 143 2
°4 183 6 148 33
BN 190 i 155 L
76 197 A7y 161 RERN
7 204 7 toN Rh
7 211 W 173 33

NOTES A separate table for Fihpmos ncluded @ fower range of heights.

* Varnations trom standard permissible when apphoant os active. has hirm nruscless aond s
sigorous and healthy

¥ Chest girth at expiration

SOURCE- Selective Service Regulations, PUVHT c1917 00 later. AR 40-105 (19235 with
onty a change i range ot permissible heghts, begmmmg at 6.4 inches

The minimum standards were also clearly rooted in health and mini-
mum strength concerns. Love and Davenport (19200 noted that “common
observation indicates that the Southern men have a tendency to tankiness.
and this has often been attributed to infection with malaria. hookworm, and
other parasites tound prevailingly in the South.™ Taller men were abso
required to carry greater weight-for-height. with a lincar 7 pound/inch 1n-
crease above average height (approximately 68 inchesy in the tabled values.
This requirement may have reflected a bias against young tubcrculous
men. Putmonary tuberculosis. if not readily evident, was screened by low
weight. Tt was particularly suspected in tall persons (Davenport and Love.
1921) because tuberculous men averaged 1/2 inch more in height and 12
pounds less in weight (1 = 10.701) compared to the average ot heaithy
World War [ registrants (Davenport and Love. 1921). Regardless of how 1t
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ORIGINS OF ARMY STANDARDS 41

wis established, this standard served to eliminate only the lowest-
werght men.

WORLD WAR II HEIGHT-WEIGHT STANDARDS

The 1S, Army height-weight tables used tor World War 11 draftees
still contained no upper limit of body weight, only prescribing desirable
standards and Tower limits for weight and chest circumference (Foster et al.,
1967). The previous standards were shightly modified, with chest circum-
ferences set to regular 14 inch increments and ideal weight increased by 4
pounds/inch. above 64 inches in height (Tuble 3-5). The chest circumter-
ence standards were consistent with scientific data demonstrating this rela-
tionship between chest girth and height in over 250,000 20-21 vear old
ftahan men (Frassetto. 19265, The “standard™ values of weight were much
closer 1o the “desirable™ weights for 20-year-old men in the 1912 Medico-

TABLE 3-8 Standard and Minimum Mcasurements of Height, Weight.
and Circumference of Chest, ULS. Army, 1940

Standard Measurement AMinimum Measurement

Herein Werght Chest Crrcuniference Werght Chest Circuomtersiee
cchiesy (pounds unghesy?® tpounds) tinchesy”
) 16 it 105 2%
61 L1y A o7 ALt
[ 122 R 1049 oy
3 12+ 32 IR 249
0l i 2% 2, 113 A
63 132 2 f1s B4
[ 136 2 117 iy
He 1) 3 By i
fy¥ 144 i1, | 2s 0
04 Jix 11 129 1)
N 152 (REN i3 30,

| [56 4 137 i
02 I RE R (B Y] 2
T 164 LRI 145 i
= fox ER 149 N

a 172 15 153 32
R 176 LI 157 RN
D 1x0 5 I6l AR
TN X1 38 165 3

*Chest circumterence to be taken at expiration
SOURCE. Mohilization Regulanion T 9 ¢1940)
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Actuarial tabies (Davenport, 1923 and minimum weighwss were set at roughly
90 percent ot the desirable values at each height (Newman, 1952). Men
were unaceeptable tor military service if they were less than 105 pounds in
wetght or 1f “overwerght which iy greatly out of proportion to the
height oL interteres with normal physical activity or with proper training.”
The latter category was still to be considered if, in the opmion of the
examimng physician, the variation was correctable with proper food and
physical tratning (Foster et al.. 1967).

A well-circulatea legend cleims that in the carly 19405, 17 out of 25
professional tootball players studied by the Navy physician Albert Behnke,
were found eofit for mihitary service because they were overweight (Wel-
tam and Behnke, 1942y This convenient example tllustrates the possibili-
ties for mismatch between ove-we ght and overfat; this group was extimated
to have a mean body fat of less than 10 percent, and by performance criteria
these men would be expected to be combat-ettective soldiers. They were
not, 1 tact, likely o have been rejected. The 1940 mobilization regulations
specitied that men whose weight was greater than the standard weights for
heighit would be clussified 1-A “proviaed that the overweizht 18 not ~o
excessive as tointertere with military training.” Wetham and Behnke (1942)
only suggested that “according to standard height-weight tables, these men
coudd be classitied as untit for military service™ based on the qualifier, “if
an allowance of 13 pereent above the average values in the tables 18 consid-
ered as the upper mit,” They proposed instead that a body density of
1060, corresponding to an estimate of about 17 percent body fat by the Sirt
cquation (1961, be used as the di criminator for the rejection of the obese.
Neither this theoretical nor their propo: ed standard was apphied to draftees
i World War 11

The first haight-waerght tables tor vomen were created in o World War
I regulanon (AR 40-100 19423 These tables which applied only to the
U.S. Army Nurse Corps. broke down acceptable weights by age categonies
tion below the standard tor age is 15 pounds. with the exception that no
apphicant will be accepted whose weight s less than T0S pounds™ (Foster et
abc 1967y 1t also hinted at an upper end of acceptable weighi with the
admonttion that “the weight for cach height foi the age group 26 10 30 18
the ideal one 1o maintain thereafter.”™  The introduction of physical stan-
dards tor women may have caused the demise of chest aircumterence and

an regular Sovear age antervais). hoprescribed that “the permissible vana-

mobihity standards.

Atter World Wur 1L the preoccup-tion with underweight recruits re-
mained. This emphasis was again clear aa study by the cugemicist Ernest
Hooton who was contracted by the Army to somatotype 40.008 separatees
ang o establish common assoctations within therr former militse specaal
ties. The targe and fat extreme was rog pecessarily undesirable: a desirable
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combat soldier “type™ could be both extremely tat and muscuolar. "a tremen-
dously powerful and impressive man,” in Hooton's words. ™. . . types fre-
quently seen in professional wrestlers and professional football linemen.”
while there was nothing good about a low-weight man. represented as either
“thin, meagre, poorly muscled™ types. or—if they had some body fat—as
“well nourtshed weaklings™ (Hooton, 1959). Thus. fatness was not an is-
sue: the important discriminator for military performance was an adequate
fat-free mass.

When the Army anthropologist, Russell Newman (1952), proposed the
use of body fat 1o assess soldiers, he was still concerned with low-weight
soldiers, not overweight soldiers:

What are really needed are mimimum standards based on lean body weight
tobtuinable through assessment of body faty. The standards obviously should
exclude men with insutficient musculature satistuctortly o perform mili
tary tasks and not penalize men whose musculature is adequate but who
are low 1n weight because they are low in fat.

This emphasis on underweight continued up to 1960. Obesity., in its lesser
forms. was considered trainable and was not a reason for exemption.

Development of Current Accession Standards

In 1960, the standards applied to candidates for milunary service tacees-
ston standards) established minimum weights for height and—in S-year age
icrements- -maximum weights for height for men and women (AR 40-501,
1960y, Outside of these hmits. candidates were to be rejected for Army
service. The source of these standards is uncertain, but they were quite
fiberal: upper limits for men were approximateiy 140 percent of the average
weights tabulated by the ULS. Army Oftice of the Surgeon General for over
0.5 million Black and White World War II Selective Service registrants
(Karpinos, 1958}, At some point in the three dozen changes issued for this
regulation. the tables were changed so that by 19830 the maximum weight
limits for women had been lowered by IS5 to 20 pounds from the 1960
tables (AR 40-501. 1983). This change made the tables for women consid-
crably more restrictive relative to the national population and more strin-
gent compared to the tables for men. These accession tables are the current
buasis of entry to the Army, although body fat assessment can now be per-
formed at the Military Entrance Processing Station (MEPS) as a secondary
criterton 1f 4 candidate exceeds tabled maximum values (U.S. Department
of the Army. 198X).

Ut the 19608, body size standards pertained only to accessions, Ob-
viously. there wis no special concern that once 1n the Army. soldiers might
hbecome underweight, and 1if they did. then it was a medical problem. How-
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ever, fitness levels could diminish. Thus. until 1976, body weight was a
screening tool that excluded only the extremes of underweight and obesity
(at least for men), while a separate regulation detailed physical fitness tests,
which periodically assessed physical performance in active duty soldiers.

Combat readiness was the concern of President Theodore Roosevelt
when he initiated an early version of the Army Physical Fitness Test for
officers, known as tt > Annual Test Ride. He had observed “field officers
who were physically unable to ride even a few miles at an increased gait,”
and he announced that it was “essential that field officers of the line of the
Army should be at all times physically fit and able to perform the duties
pertaining to their positions™ (U.S. War Department. 1©07a). The Presi-
dent’s solution was explicit: he told the Secretary of War that “as | believe
that such physical fitness can only be demonstrated by actual physical tests,
I desire that you give the necessary directions . .., and he outlined manda-
tory tests, such as “cavalry marches of not less than 30 miles per day for
three days in succession, under conditions suitable to the making of forced
marches in active field operations™ (U.S. War Department. 1907b). He also
wanted the names reported for any officers who fell out of these marches
and directed that “appropriate action be taken in the cases of all officers
found not qualitied physically for active service.”™ Specific tests of physical
performance, such as the Annual Test Ride, were once useful in the Army:
however. today’s Army may be too diversified to routinely screen soldiers
using realistic combat performance tests. The current U.S. Army Physical
Fitness Test assesses primarily aerobic fitness with a 2-mile run test in
addition to push-up and sit-up tests; these standards are for retention, not
accession, and are more leniently enforced than body fat standards.

A physical test that assesses the principal demands of modern Army
work—carrying and lifting capacity-—has never been effectively used as a
physical accession standard. One previous etffort in this area tailed because
of policy considerations that rendered the standards meaningless. Exten-
sive Army research resulted in the development of a dynamic lift device
(tMEPSCAT). which is currently installed in every MEPS (Myers et al..
1984; Teves et al.. 1985). MEPSCAT was designed to screen soldiers
being considered for occupational specialties that routinely require heavy
htting. It was shown, for example, that only 2 out of more than 200 women
who were contracted for heavy lifting specialties as recruits could meet the
minimum standards when screened by the device. and should have been
redirected to other jobs (Teves et al., 1985). However, the standards now in
place detect only a few of the weakest individuals and still do not prevent
them from being routed to those specialties where their chances of injury
and unsatisfactory performance are expected to be increased.

Thus, body weight and body fat standards are the only physical stan-
dards currently used that actually exclude or eliminate individuals for
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unsuttability on the basis of combat readiness (and military appearance).
Body fat. however poor as a correlate of physical performance. is used as a
surrogate measure of physical fitness because thin, lean soldiers look maore
physically fit than large, fat soldiers. This new emphasis on overweight and
fatness began in 1976 when new retention standards were issued.

RETENTION STANDARDS IN THE MILITARY

Potbellies and the Army Weight Control Program

A significant revision of AR 600-9 (1976) combined the U.S. Army
Physical Fitness and Weight Control Program regulations. This was a re-
sponse to concern that Army personnel were becoming too scdentary and
were not maintaining desired levels of physical fitness. Quite simply, the
Army leadership felt that there were too many obese soldiers. The previous
LS. Army Weight Control Program (AR 632-1, 1972 classified under “Standards
of Conduct and Fitness™) was weak: it referred to the height-weight tables
in the accession regulation (tables that were liberal for men) and recom-
mended that soldiers exceeding these tables be put on a weight loss pro-
gram. The new regulation. developed under the direction of General Ber-
nard Rogers, established a new and separate set of maximum and minimum
height-weight standards to be maintained by all active duty soldiers and
added specitic penalties for soldiers who were judged to be obese and did
not satistactorily change to achieve standards. The male upper limit was
27.5 kg/m” or 125 percent of the World War 11 male “standard™ weights.
This upper himit was, in turn, based on the “desirable™ weights for men. age
20 in the 1912 Medico-Actuarial tables (Davenport. 1923). which repre-
sented average weight-for-height of the insured U.S. population at the wrn
of the century (Figure 3-3). The upper limit for women was 23.7 kg/m-.
Both ot these ncw male and female standards for retention in the Army
were considerably more stringent than the accession weight standards (AR
40-501, 1960) at that time. (A later change in the accession standards made
accession and retention standards for women equally stringent).

The stated emphasis of this regulation was physical fitness: “It is
essential to the readiness and combat-etffectiveness of the Army that every
soldier be physically fit regardless of age or duty assignment.” Weight
control and military appearance were given as rtelated aspects of fitness,
The two stated objectives of weight control were very similar to the most
current ones: “(a) maintain the weight of all personnel at a level which is
best suited to permit them to perform their duties in a peacetime or combat
environment. and (b) present a smart soldierly appearance expected of a
combat ready Army.” However. the importance of appearance was specifi-
cally acknowledged in a remarkabie paragraph:
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WEIGHT (lbs)
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HEIGHT (inches)

. males, aged 17-20 category shown only;
this is the most stringent retention max

FIGURE 3-3 Evolution of U.§. Army weight-tfor-height tables for men.

NOTE: The “desirable™ weights of the 1912 Medico-Actuarial tables, representing
the mean values for insured men at age 20, formed the basis of the World War 11
“standard™ weights. Even “evidently vigorous and healthy men™ who fell below 90
percent of these weights were usually excluded from service. In 1976, General
Rogers established a new maximum weight limit for active duty soldiers to observe
tstandards for retention in the Army): this was 125 percent of the World War 11
standard weights. This limat later became the screening weight standard for the 40-
and-over age category in the new two-tiered U.S. Army Weight Control Program,
with a sccondary body fat assessment for the high-risk individuals. More stringent
weight sereens and body tat standards extend down to the youngest age category (17
1o 20 years). illustrated here as the retention screen (triangle symbols). The current
“accession” werght maximum, which determines entry into the Army. ix also shown
for this youngest age group (diamond symbols).

The wearing of the Army uniform should be a matter of personal pride and
satisfaction.  Each soldier 1s a representative of the United States Govern-
ment. and should have a physical configuration and posture when in uni-
form that is trim and smart. Waistlines that stretch the front of an other-
wise weltl-fitting blouse or shirt. and “pot-bellies™ detract from good military
appearance. (AR 600-9. [1976)
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Obesity was defined us excessive tat “implying excessive caloric intake or a
sedentary existence or both, as causative factors™ (AR 600-9. 1976). Much
responsibility was placed on the commander to prevent this through early
detection:  “Particular attention must be directed to the general military
appearance. physical condition. and the ability to perform assigned duties.”
Thus. obesity was an implied cause of poor military performance.

The firm weight standard, imposed to determine who needed to be
screened for obesity, was followed with the proviso that maximum weights
“were not to be utilized as the sole criterion for a classification as obese.”™
It was acknowledged that “evaluation of the body build. muscular devel-
opment, and bone structure”™ may be necessary to differentiate between
overweight and obese. The specific guidance to the examining physician
was that

a view of the entire body should be taken. noting the proportions, symme-
try of the various parts of the body. chest development, abdominal girth,
and the condition and tone of the muscles. An overweight member, who is
obviously active. of firm musculature. evidently vigorous and healthy, and
who presents a satistactory military appearance. should not be classified as
abese. (AR 0600-9, 1976

These instructions read very much like those given to physicians who screened
Civil War draftees a century before.  As in all preceding regulations. this
one called for the subjective determination by an Army physician—although
now it was also the responsibility of unit commanders —to “identify and
counsel alt personnel who do not present a suitable military appearance or
satistactory level of physical fitness because of an obese/overweight con-
dition.”  The regulation thus provided a safety margin between precise
weight standards and the elimination ot good soldiers from the Army.

Department of Defense Directive 1308.1
and the U.S. Army Body Fat Standards

In 1980, President Jimmy Carter, another health- and fitness-minded
President, asked for an assessment of military physical fitness programs. A
review was conducted by a panel of government scientists (Study of the
Military Services Physical Fitness. 1981), and a Department of Defense
(DOD) directive was issued based on their recommendations (DOD direc-
tive 1308.1, 1981). Included was a requirement that the services use body
tat standards to assess obesity. Tt was directed that weight tables would still
he used as a preliminary screen for retention standards, but the final deter-
mination would be based on a new objective body fat assessment procedure
instead of the physician’s assessment.

Obesity was defined by the panel as anything over 22 percent body fat
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for men and 29 percent tor women. Desirable body fat figures were origi-
nally to be 15 percent for men and 23 percent for women. These values
were based on a consensus by panel members who felt that the figures
would require revision as a better understanding was gained of the relation-
ship between health and body fat. Health concerns brought body fat assess-
ment into the recommendations. However, health was construed to be a
subset of military performance in terms of “man hours lost due to minor
illnesses and lack of vigor.” The panel’s report (Study of the Military
Services Physical Fitness, 1981) noted further that

... to design our physical fitness programs in the military with the singu-
lar focus on health enhancement and long-range health care cost savings
would be an error in. .. emphasis [since] the most fundamental goal of
military physical fitness programs and research efforts must be that of
making the personnel of the Services as fit for combat as possible .. . The
American people are supporting the defense establishment with the under-
standing that all our personnel are fit to fight and win.

In this way, the use of body fat for health screening became contused
with military performance objectives: it was easy to transfer body fat to
physical performance without hard data because of the pervasive notion that
a soldier who looks fat cannot adequately perform military duties. Never-
theless. the DOD directive still indicated a health goal in the use of body fat
standards and it noted that “standards shall be evaluated for consistency
with health-fat relationships.”™ The panel had relied heavily on the textbook
of McArdle et al. (1981) for their recommendations (Study of the Military
Services Physical Fitness, 1981). This text suggested 20 and 30 percent
body fat for men and women as desirable goals for all purposes: these
values included a statistical interval ot S percent body fat units over the
average fatness of fit young men (15 percent hody tat) and women (approx-
imately 25 percent body fat) (McArdle et al.. 1981). The DOD directive
that tinally emerged recommended 20 and 26 percent body tat. with ser-
vices authorized to set more stringent standards.” The panel apparently
wanted to bring standards for women closer to the standards for men. These
recommended standards were not based on health studies related to body
tat, but rather on the mean values of fit individuals in the youngest adult
category. Indeed. translating current body mass index health recommenda-
tions (Surgeon General's Report on Nutrition and Health. 1988) into body
tat would set limits for young men and women at about 26 and 36 percent
body fat. respectively.

The body fat standards in the DOD directive were construed to be
recommended goals, and each service set their standards differentty. The
Army standards that were set revolve around the base value of 20 percent

hody fat for young men. They were established. in part, on the basis of
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Army data on acrobic capacity of young male soldiers (Vaogel et al.. 1986).
where a modest inflection point was inferred with lower maximal oxygen
uptake above 20 percent body tat. The remainder of the standards were
targely tinked to this single value. Two percent body fat increments were
included for increasing age, very roughly by decades (Table 3-2), 10 accom-
modate accepted but poorly quantified age-related changes in body compo-
sition.  Standards for women were set at 8 percent body fat above those for
men 1n each age category to account for gender-specific “essential™ body
fat. In retrospect, this 8 percent difference tor women—another “consen-
sus” value-——may have been overly restrictive. Certainly. the DOD recom-
mendation of 26 percent bady fat was too restrictive even for the youngest
women, because Army data which were available at that time demonstrated
that the average body fat of young women entering the Army was closer to
18 percent,

This scheme for the standards also preserved the stringency of the pre-
vious 1976 standards, a consideration in setting the Army body fat stan-
dards. The 1976 maximum weights for men and women were assigned as
the screening weights for age 40 (and over), and these appeared 1o suitably
screen individuals who approached 26 percent tmen) and 34 percent body
fat (women). (Some adjustments were later made. with a § percent increase
in all table weights for women.) This approach helped to establish upper
limits of tatness for the oldest age category (Colonel D. D. Schnakenberg.
personal communication). Body fat standards for the intermediate age cate-
gories were then arbitrarily interpolated between the 20 and 26 percent
male body fat limits. with 8 percent added for women. Thus, the current
Army body fat standards were adopted as best guesses of performance-
related standards, with consideration given to existing weight standards.
At the time these standards were required to be enacted. the 20 percem
body fat standard for young men was a relatively soft relationship. and
the other values were not based on any empirically determined per-
formance relationships.

Attempts to empincally study the relationship of fatness to military
pertormance in women are seriously hampered by the narrow range in body
weights of accepted Army women. This (imitation is a result of the acces-
sion weight standards, which are sufficiently stringent that they exclude
28.7 percent of otherwise qualified young U.S. women (Laurence, 1985,
1988). There is aiso little difference between accession and retention stan-
dards for women. so that substantially overfat women do not reman in the
Army. Thus, studying Army women cannot provide enough information 1o
determine if higher body fat limits could be compatible with temale military
performance. The male accession standards. by comparison. altow voung
men as much as @ 30-pound margin over the screening weights for body t
(Figure 3-3). Thus. tew men (3.0 percent) are excluded from joining the
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Army (Laurence. 1988), even though some never achieve their fat standards
and are Later eliminated under provisions of the U.S. Army Weight Control
Program regulation.

Adarition from the Army is one of the useful end points to test the
validity of body fat standards. 1t captures. in effect. unsatistactory military
performance for all reasons. If applicd to new recruits. it is not confused by
separation for failure to meet the standards of the weight control program.
[t can be reasonably predicted that at some level of fatness, fitness is im-
parred enough to increase attrition of recruits from the Army. This assump-
tion was originatly suggested by M. T. Laurence (1988) who demonstrated
higher attrition rates for individuals above 120 percent and below R0
percent of national mean weights. The upper end would correspond to men
with a mean body fat of approximately 26 percent. Although there are tew
male Army recruits above this level, there is a trend toward higher attrition
of male recruits with increasing tatness (Friedl et al.. 1989). There is no such
refationship apparent for women, presumably because of the even more re-

stricted range of body fat. There is, however. a significantly higher attrition of

women in the lower end of body mass index. which suggests that some mini-
mum level of fat-free mass Is important to success of women in the Army.

Development of Army Body Fat Equations

An Army study was conducted to establish population-specific body tat
cquations that could be used by soldiers to estimate body fat without special
instruction and without costly equipment (Vogel et af.. 1988). As an inter-
im (1983-1986) method of body fat measurement. the Army adopted the
Durnin-Womerstey skintold equations (Durnin and Womersley. 1974: AR
600-9. 1983).  This method required the standardization of measurement
procedures by trained medical personnel throughout the Army, using appro-
priate equipment (usually Lange calipers). Commanders were distressed by
the difficulty of obtaining consistent. accurate skinfold measurements and
by the jump in body fat that occurred between certain birthdays for the
same sum of skintfold measurements (because of the organization of the
iable by age intervals).  Accordingly, the new method was to use simple
measurements and avord the use of age. The DOD directive noted that this
assessment was 1o he apphied only 1o the high-risk (ot obesity) group who
tatled an imitial weight screen. A later amendment to the directive (DOD
directive. 13081, 1987} also required the services to use a circumference-
hased method. devetoped by comparison to hydrostatic weight. which achieved
a mmimum correlation of .85 (neither population. sample stze. nor stan-
dard error of the estimate were specified).

The Army circumference equations were developed from a study in
T9R4 and 1985 1n which 38 anthropometric measurements were obtained
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trom an cthnically diverse sample of Army personnel at Fort Hood. Texas
and Carliste Barracks. Pennsylvania, totalling 1,126 men and 266 women
{Vogel et al., 1988). The male equation estimates percent body fat from
the difference of the abdominal circumference (at the navel) and the neck
circumterence, and a height factor is deducted. The female equation uses
hip circumterence and body weight as components of fatness. with neck.
wrist, and torearm circumference and height factors having a lowering ef-
fect on estimated percent body fat.  Because this was a cross-sectional
study. 1t did not vaiidate the use of the equations to follow individuals over
periods of weight toss or hody composition change. In fact, there is some
question about whether anthropometric equations, in general, can be accu-
rately used to tollow percent body fat change during weight loss, although
they are routinely used this way. Because the development of these equa-
tions is discussed and critiqued elsewhere in this book, only a few points
will be highlighted here.

The Army equations may be reasonably good predictors of total body
fat 1n an ethnically diverse population, but this is difficult to evaluate using
percent body tat estimated by hydrostatic weighing, because the latter is so
greatly intluenced by variations in bone density. There is also a problem in
obtaintag good hydrostatic weirght measurements from nonswimmers who
are uncomfortable with performing maximal exhalations under water: Black
women were particularly overrepresented in the subpopulation of excluded
hydrophobic subjects from the Army Body Composition Study (Vogel et
al., 1988). The method of residual volume determination used in conjunc-
tion with hydrostatic weighing may also produce signiticant differences in
estimated body fat, especially for men (Forsyth et al., 1988). Anthropomet-
ric methods may be more equitable than hydrostatic weighing across ethnic
and gender groups, although this can only be established using another
criterion method.

Because circumference measurements necessarily emphasize certain
sites. the standards become, in effect. circumference standards instead of
total body fat standards. Accordingly. soldiers are not allowed to pick and
choose their method of body fat estimation: they are held to Army circum-
terence standards. This is reasonable if 1t can be demonstrated that desired
objectives are still achieved using this standard. In fact. the circumference
at the navel is a good site selection for men (a) as a marker of fitness.
because 1t s the primary fat storage site in overnourished and underexercis-
g men: by as the single fat site most correlated with fong-term health risk
factors including reduction of HDL-cholesterol. reduced glucose tolerance,
and directly with cardiovascular mortality: and (¢) as the primary site of
concern in appearance (the potbelly). It can also be shown from the data
how abdominal circumference tnereases linearly (in proportion to hip cir-
cumterencey with hvdrostatically estimated percent body fat, although the
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strength of this relationship is less important it abdominal fat, not total fat,
is the best discriminator of military performance objectives. Which site is
ideal for women is less certain and there are more sites with more specific
physiological roles to consider. Hip circumference appears to be one rea-
sonable site as an indicator of fatness and fitness in healthy young women:
as a primary site of fat deposition; and, with exercise, as a primary site of
fat mobilization.

CONCLUSIONS

In the frontispiece to their book on human physique, Sheldon et al.
(1940) showed photographs of three extremes of somatotype: an endomor-
ph. who was characterized by pendulous fat deposits; a mesomorph, who
looked well proportioned and muscular; and an ectomorph, who looked
like a victim of anorexia nervosa. There can be little argument about which
of these three types would make a suitable soldier. Without question.
the massively obese endomorph would be unable to perform physically,
would fail even the most subjectively lenient standards of military appear-
ance, would likely encounter acute as well as long-term health problems as
a direct consequence of excess fat. and would suffer miserably with work
in even a moderately hot environment. At the other extreme of size, the
ectomorph would be unable to carry a normal load on a standard road
march task. would likely suffer health problems from extreme deficiency of
muscle mass, and would be unable to effectively thermoregulate in a cold
environment. The current Army body composition standards ignore the
ectomorph, because this soldier is undetected by the height-weight screen-
ing tables, even when the soldier is so deficient in fat-free mass that relative
body fat is high. This omission is a change from the earlier standards.
which emphasized the exclusion of physically weak individuals who would
have difficultly with basic soldier tasks. At the upper end, the endomorph
1s clearly excluded by current Army standards, as are many individuals who
may even approach the mesomorph in appearance and physical capabilities.
Thus. the second change from previous standards is that current body fat
standards draw a precise hine. without confidence intervals. for acceptable
fatness: these standards take into account neither the strength of the associ-
ation between body fat and military performance nor the reliability of the
method of estimation.  Previously, a physician made the final subjective
determination that a soldier was unsuited to the Army because of his or her
obesity, but this was subjective and had little impact on offenders of mili-
tary appearance. Without this buffer. the arbitrary standards have had a
major impact. Thus. it becomes more important to test and carefully adjust
body composition standards to performance end points to ensure that good
soldiers are not eliminated.
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Body Composition in the
Military Services:
Standards and Methods

Jumes A. Hodedon

ATKGROUND

This paper will discuss two topics:  the development of standards for
body composition in the U.S. Navy and the methods of body composinon
assessmect in use by the military services today

In 1981, the Department of Defense (DOD) issued directive 13081
(DOD directive 1308.1. 1981). Part of the policy expressed in that directive
was that the “determining factor in deciding whether or not a service mem-
ber is overweight is the member’s percent body fat.” (DOD Directive 1308.1,
p. 2 Encl. 2, 1981). The military services were directed to determine body
composition and fat standards consistent with the mission of the services.

The directive also indicated that there are three concerns relating 1o the
need for estabhishing a weight control policy: first. body composition is an
integral part of physical fitness and is, therefore, essential for maintaining
combat readiness. This statement implies a relationship between fatness
and mihitary performance. Second. control of bedy fat (BF) 1s necessary to
maintair approprinte mihitary appearance. Thiru, control of BF is important
in maintaining the general health and well-being of armed forces personnel.

The directive left the task of developing the most appropriate methodol-
ogy for BF determination to the individual services. The directive required
that fat measurement technigues must have a correlation coefficient of 0.75
or better with percent BF from underwater weighing. This coefficient has
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since been increased 1o L85, DOD percent BF goals were set at 20 percent
BF tor men and 26 percent BF for women.

BODY COMPOSITION STANDARDS

It body comp ~sition was presumed to affect military performance. mil-
iary appearance, and general heualth and well-being, the basis for setting
standards ought to lie with one of these three relationships. Below is the
line of argument followed within the U.S. Navy to arrive at suitable stan-
dards for body composition.

Body Composition and Physical Performance

Pertormance on the U.S. Navy's biannual Physical Readiness Test (PRT)
is taken to be an indicator of a sailor’s readiness for combat. As an adjunct
to setting standards for physical fitness and body composition. studies were
carried out that investigated relationships between performance on the PRT
items and performance of materials handling tasks. The Navy's PRT in-
cludes a body composition assessment, sit-reach distance, time tor a 1.5-
mile run. number of sit-ups performed in 2 minutes. and number of push-
ups performed in 2 minutes. Work by Robertson and Trent (1985) at the
Navy Personnel Research and Development Center showed that the majori-
ty of the physically demanding jobs performed by Navy personnel were
materials handling tasks: lifting. carrying. and pulling. with the most com-
mon being carrving while walking (48 percent) and lifting without carrving
(20 percenty. Performance on such tasks might form a reasonable basis for
setting standards for shipboard work.

Beckett and Hodgdon (1987) investigated assoctations between PRT
items, body composition variables. and performance on two materials han-
dling tasks. The two tasks were: the maximum weight of a box that could
he lifted to elbow height thox-hitt maximum weight) and the total distance a
34-kg box could be carried (box carry power) on alternate faps of a 51.4-m
course during two S-minute work bouts. The parameters of the carry task
represented median values of the weight. distance. and timing of Robertson
and Trent’s survey of carry tasks performed aboard ship. Table 3-1 shows
the correlations between PRT and body composition items, and performance
on the hit and carry.

Table 4-1 shows percent BF 10 be only modestly correlated with these
materials handling tasks, These modest correlations suggest that using rela-
tionships between these tesks and percent BFE as the basis of setting percent
BF standards would not be particularly fruttful. However, it might be noted
that one of the body composition variables (fat-free mass [FFMJ) is highly
correlated with the box-hitt maximum weight. In this study, FFM was also
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STANDARDS AND METHODS 59

TABLE 4-1 Correlations, U.S. Navy Physical Readiness
Test Items, and Body Composition with Materials Handling

Tasks*

Box-Litt Box-Carry

Maximum Weight Power
Sit-reach distance -0.21 0.0t
Sit-ups 1in 2 minutes -6.00 0.31
Push-ups in 2 minutes 0.63 0.56
1.5-mile run time -(),34 -0.67
Percent fat (from circumferences) -0.36 .43
Fat-free mass 0.84 0.44
Fat mass 0.08 -0.23

*n = 102 Navy personnel: 64 men and 38 women.

SOURCE: Bechett and Hodgdon (1987) by permission,

found to be highly correlated with other muscle strength measures. The
possibility exists for using FFM as an approximation of overall strength in
jobh assignment.

Body Composition and Appearance

The second stated reason tor maintaining appropriate levels of BF is
tor proper military appearance. It is the Navy's policy that judgments about
appearance are subjective and not necessartly strongly related to fatness.
Current performance evaluation procedures allow for these subjective as-
sessments. and they need not be anchored to other objective variables.

The soundness of this approach was recently tested by Hodgdon and
colleagues (1990). A panel of 11 U.S. Army headquarters staff (5 women.
6 men: 6 officers. S enlisted: and including both Black and White members)
rated the “military appearance™ of 1,075 male and 251 temale U.S. Army
personnel dressed in Class A uniform. Physical characteristics of this pop-
ulation sample are provided in Table 4-2. A 5-point scale was used for the
ratings. In this scale. a value of 1 was labeled “poor™ a value of 2, "fair™ a
value of 3. "good™ a value of 4. “very good™: and a value of 5, “excellent™.
The raters were instructed to rate the “military appearance™ of the soldier
according to their own personal standards. and instructed to evaluate how
the individual looked in uniform. not how the uniform looked. The person-
nel who were rated also had their percent BF determined from underwater
wetghing., The inter-rater reliability of the ratings was quite good (alpha =
(.36 tor rating of men, 0.87 for rating of women). The results of the regres-
ston analysis to predict measured percent BE tfrom the ratings of appearance
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TABLE 4-2 Participant Characteristics in U.S. Army Personnel
Appearance Study

Males Females

(n" = 1075 (n =251
Height (cm) 175.1 £ 6.9 1625262
Weight (kg) 77.0 1122 60.3 £ R\
Age (yra) 30.1 £ 89 24.0 £ 57
Bady Density (kg/1) 1.052%0.015 1036+ 0.012
Body Fat Content t% body wi) 06169 28057
Fat-free Mass (kg) 60.9+73 43.1+438
Fat Masy (ky) 16.3+7.1 17.1£5.2
Appearance Rating 1n Uniform 33062t 321 +0678

n = number ot subjects.
"= 9R.
n o= 233%

are provided in Table 4-3. The correlation between appearance ratings and
percent fat was modest:  0.53 for ratings of male personnel, and 0.46 tor
ratings of female personnel. The square of the correlation coefficient indi-
cates the percent of the total variance in one variable accounted for by the
other. Percent fat accounts for only 28 percent of the measured vartance in
appearance for men. only 22 percent for women. It does not appear from
this study that percent BFE. by itself. constitutes a reasonabli indicator of
military appearance. Clearly, other factors play a role in such judgments.

Body Composition and Health

The DOD directive points out that one of the reasons for wanting to set
BF standards is the maintenance of health and well-being of the service

TABLE 4-3 Prediction of Appearance from Percent Fat Scores in U.S.
Army Personnel Appearance Study

Regression

Predictor Coetticient Constant R” R> SEE*
Males

Percent fat 0.047 1.277 (153 0,28 0,521
Females:

Percent fat - (1054 4.721 (.46 022 (.598

R = multiple correlation coefficient.
‘SEE = standard error of the estimate.
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STANDARDS AND METHODS 61

members. [t is in the relationship between health and fatness that the Navy
has anchored its body composition standards.

On February 11-13. 1985, the National Institutes of Health (NIH) Of-
tice of Medical Applications of Research: the National Institute of Arthritis,
Diabetes. and Digestive and Kidney Diseases: and the National Heart, Lung,
and Blood Institute convened a consensus development conference on the
health implications of obesity (National Institutes of Health, 1985). The
conferees determined that obesity ts related to a significant impairment of
health. particularly in terms of increased risk ot diabetes, hypertension,
coronary artery heart disease. and cancer. They also agreed that obesity
could be defined as a weight-for-height 20 percent above the midpoint weight
listed in the 1983 Metropolitan Life Insurance tables for the medium-frame
individual (Metropolitan Life Insurance Company. 1984).

Armed with this definition, and the information that obesity could be
considered a health risk. the following study determined whether or not
these weight-for-height tables had any reasonable expression in percent BE.
Using the Navy anthropometry data set, the regression between weight and
height and percent BE was determined.  Table 4-4 describes the data set
used for development of the regressions.

The regressions that were developed were:

Percent BEF = 0.464 < weight (kg) ~ 0411 x height tom) + 54.769
(R =0.75, SEE = 5.33 percent BF) tor men,
and
Percent BE = 0,638 % weight tkg) ~ 0,409 x height (emy + 54,367
{R =0.77. SEE = 4.54 percent BF) tor women.

where R = multiple correlation coefficient and SEE = standard error of the
estumate.

TABLE $4-4 Regression Sample Desciiptions

Men Women
= 102 tn o= 34

Mean ¢ standard deviation

Age tyearsy O £693 2665529
Hewght rom) 1776+ 6,96 145+ 6,71
Weight thys RET 448 62.2 2935
Percent tar tunderwader werghing 2164 807 20X+ 7.07

n = number of subjects
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PERCENT BODY FAT

FIGURE 4-i National Institutes of Health critical weights for each height expressed
as pereent fat.

Using these equations, we then determined the percent BF value associated
with the NIH critical weights at each height for both men and women. The
results are provided graphically in Figure 4-1. As can be seen from Figure
4-1. the “critical”™ percent BE values are rather constant across heights.
especialty the values tor women. Mean values for critical percent BF across
height were 22.0 £ 1.20 for men and 33.5 £ 0.18 for women,

Standards for percent BF for Navy personnel were derived from these
mean values, The circumference equations used by the U.S. Navy to pre-
dict BF have standard errors of measurement of approximately 3.5 percent
BE. It was decided that the standard tor administrative action should be
approximately one standard error above the critical percent BF to minimize
the number of false positives for individuals exceeding th2 NIH obesity
definition.  The values of 26 percent BF for men and 36 percent BF for
women were thus adopted.  Any sailor or officer exceeding these Jimits for
three successive administrations of the PRT s subject to administrative
action. In additon. an “overtat™ category was defined. Individuals exceeding
values of 22 percent BE. if men, or 30 percent BF if women. are required to go
on a fat reduction program. This approach allows remedial action on BF
reduction to hegin prior to exceeding the Himits for admin-istrative action.

The finding that the NIH critical weights represent a relatively constant
percent BE for men and women is intriguing. especially when one considers
that those weizhts derive from the empirically determined Metropolitan Life In-
surance Tables (Metropolitan Llte Insurance Company. 1984). However, there
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SEANDARDS AND METHODS 63

Is a paucity of data refating body composition variables themselves to mortal-
ity and morbidity outcomes. Such epidemiological studies need to be done.

In summary, the U.S. Navy, finding a lack of basis for setting body
compaosition standards based on either performance or appearance. has cho-
sen to base its standards on health considerations. The standards are de-
rived from the NIH consensus definition of obesity.

BODY COMPOSITION MEASUREMENT

The criteria tor selecting methods for assessment of body composition
in the military were that the measures must be: usable easily in the field.
able to be made reliably, and be valid indicators of fatness. It was also
important that skill in measurement be relatively easily acquired. To mect
these measurement rechnique requirements. all four services have adopted
circumterence measarements. often in conjunction with height and weight,
as the basis for predicting percent BF.

Reliability and Trainability

In 1987, Mueller and Malina determined intra- and interexaminer reliabil-
ities of skinfold and circumference measurements. They found both tech-
nigues to be yuite reliable but circumferences to be more reliably measured
than skintold thicknesses (0.97 and 0.96 for circumference intra-
and interexaminer reliabilities, respectively, and 0.94 and 0.92 for skinfold
rehiabilities).

In addition to being slightly more reliably made. circumference mea-
surements appear to be more easily learned. J. H. Heaney and coworkers
(Naval Health Research Center, San Diego, unpublished manuscript) inves-
tigated the time course for acquiring skill in circumterence and skintold
thickness measurement. Thirty-eight active duty Navy personnel were pro-
vided six 1-hour training sessions during which they were trained and eval-
uated in skinfold measurements at two sites and circumference measure-
ments at three sites. Heaney and coworkers found that after 75 skinfold
measurements at each site (150 total measurements), only 24 percent of the
study participants had reached proficiency in skinfold measurement. In con-
trast. 68 percent of the participants had reached proficiency after 45 circum-
ference measurements at each site (135 total measurements). In this study,
circumference measurement was clearly the more easily learned technique.

Equation Validity

Each of the services developed regression equations involving body
circumference measurements, sometimes in conjunction with height or weight

-
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or both. The regression equations predict etther body density. percent BF,
or FFM. For the U.S. Army. Navy. and Marine Corps. the criterion measure-
ment for equation development was either body density from underwater
weighing or percent BF using the Siri (1961) equation to convert body density
to percent BF. The U.S. Air Force equations use as a criterion measure FFM
determined from trinated water dilution or from body volume and weight
(Allen. 1963). Tables 4-5a and 3-5b contain the equations and descriptive
data from the equation development samples for the military services. Sample
descriptors are shown as mean plus or minus standard deviation.

U.S. Army

The U.S. Army equations were developed by Vogel and coworkers
(198%8) at the U.S. Army Rescarch Institute of Environmental Medicine on a
large sample of Army personnel. The sample was not stratified to reflect
distributions of demographic variables (for example. age. gender, race, job
classitication) within the Army population.

These equations are used 1n conjunction with weight-for-height tables
that serve as an initial screening tool in detecting overfat. Current Army
BF retention standards are based on age (AR 600-9, 1986). Standards for
men are 20 percent BE for ages 16-20 years, 22 percent BF for ages 21-27
years, 24 percent BE for ages 28-39 vears. and 26 percent BF for ages 40
vears and older. Standards tor women are 28 percent, 30 percent, 32 per-
cent. and 34 percent BE respectively. for the same age groupings as the men.

L.S. Navy

The U.S. Navy cquations were developed by Hodgdon and Beckett
(1984u.by at the Naval Health Research Center. Their large sample of U.S.
Navy personnel was also nonstratifiecd with respect to Navy demographics.
Within the Navy every service member has his or her BF estimated twice
cach year using these equations (U.S. Department of the Navy. 1986a).
There are no weight-tfor-height screening tables used.  As noted above. the
current retention standards are 26 percent BF for men and 36 percent BF for
women, irrespective of age.

U.S. Marine Corps

The Marine Corps was the tirst service to use body composition estima-
tion from circumferences. The Marine Corps equations were developed by
Wright and coworkers (1980, 1981) of the Institute of Human Performance
trom data collected by Wright and Wilmore (1974) on Marine Corps per-
sonnel. The Marime Corps uses weight-for-height tables as the basis for
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STANDARDS AND METODY n7

weight control decisions (U.S. Department of the Navy, 1986b). 1f a Marine
is overweight by the tables but does not appear to be fat, he or she may
have a BF estimation done.  If the individual's BF is less than the Marine
Corps standards of 18 percent BF for men and 26 percent BF for women, a
new maximum allowable weight is calculated and entered into the Marine’s
record.

U.S. Air Force

The Ui.S. Air Force body composition equation for men was developed
by Fuchs and coworkers (1978) at the U.S. Air Force School of Aerospace
Medicine. The equation for women was developed by Brennan (1974) as
part of her master’s work at the Incarnate Word College in San Antonio.
Unlike the equations of the other services, the U.S. Air Force equations
predict FFM.  Also. the development sample for the women’s equation
contained some non-service personnel.

Like the Marine Corps, the U.S. Air Force has a weight-for-height
standard (AFR 35-11. 19853, Individuals whose weight exceeds the stan-
dard will have their body composition determined. [t they do not exceed
the U.S. Air Force BF standards (20 percent BF for men less than 30 years
of age. 26 percent BF for men older ian 30 years: 28 percent BF for
women less than 30 vears, 34 percent BF for women older than 30 vears).
new maximum allowable weight can be assigned.  Similarly. individuals
whose weight does not exceed the standard. but who appear obese, can have
a new allowable weight assigned based on BF measurement.

Cross-Validation

To provide a hasis tor comparing the performance of these equations on
a general mihitary population, each of the cquations was cross-validated on
the Navy anthropometric sample described in Table 4-2. It the equation did
not predict percent BE directly. the equation output was converted to per-
cent BE. Predicted percent BF was correlated with percent BF derived from
underwater weighing using the Siri (1961) equation. Table 4-4 shows the
results of this cross-validation. Note the U.S. Air Force equation for men is
only cross-validated on a subset of the ULS. Navy sample. This is because
flexed biceps measurements were only made on a few of the Navy subjects.

It 1s apparent from Table 4-4 that predicted BF was rather highly corre-
lated with hyvdrostatic BE in ail of the equations. More importantly. the
standard errors of measurement seen here with these cquations are compara-
bic to those seen with other generalized equations in common use, including
those ustng skintolds «Durnin and Womersiey, 1974 Jackson and Pollack.
1975 Fackson et al . 1980y, Hodgdon and Beckett (1984a.b) and Wright ct
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TABLE 4-6 Cross-Validation of Military Equations,
U.S. Navy Sample

Mean Standard Error
Correlation Difference of Measurement
Coetficient (percent fat) tpercent fat)
US. Army
Men .89 315 373
Women 0.79 -0.17 4.39
U.S. Navy
Men 0.89 0.02 3.63
Women 0.84 -0.17 3.82
U8, Marine Corps
Men (.87 -0.75 4.05
Women 0.80 -2.88 3.25
LS. Air Force
Men" 0.74 2.67 517
Women 0.7% 418 4.45

*Cross-validation on only §2 Navy subjects.

al. (1980) have already shown that generalized circumference and skintold
equations have similar validities when applied to these military population
samples.

SUMMARY

Two major summary points can be made: first. there is admittedly a
need to turther validate the relationship between body composition and
health outcomes. However, as evidenced by the studies presented here. it
would appear at present that health considerations are the most rational
scientific basis for setting body composition standards. Second. the mili-
tary services have used standard techniques to derive equations 1o estimate
relative BF from anthropometric measures: body circumferences. height.
and weight. When applied to a general military population sample. these
equations have vahdities and standard errors of measurement similar to
other published. generalized anthropometric equations and would appear to
be reasonable, useful estimators of body composition.
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Pp. 71 8% Washigton, D.C.

Natonal Academy Press

Effects of Experimental Alterations
in Excess Weight on Physiological
Responses to Exercise
and Physical Perfernance

Kirk 4. Cureton

INTRODUCTION

There s Dittle experimental data describing the effects of aliered body
composition on physical performance. This iy because body composition is
ditticult and time-consuming io change in human volunteers  In the late
1970s. three studies were conducted that were designed to investigate the
cffects of experimental alterations in excess weight on physiotogical re-
sponses to exercise and on physical performance capabilities. The research
objective was to use an experimental model to simulate the effects of differ-
ent fevels of bodv tatness in orde: 0y determine whether the cross-sectional
data available describing relationships between percent body tat (BF) and
physical performance reflected cause and effect.

EXCESS WEIGHT, AEROBIC CAPACITY
AND RUNNING PERFORMANCE

The tirst study (Cureton ¢t al., 19785 involved investigating the effects
of experimental manipulation of excess weight on aerobic capacity and
distance running perforr ance. B was known from cross-sectional data that
percent BE is inversely adlated to acrobie capacity (V”,,,m )y expressed rens-
tive to body weight (BW) and to distance running performarce (Figure 5-1),
but the magnitade of changes in \"(,,,,m and di. tance running performance

that result from altered percent BE had not heen established.
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72 KIRK | CURETON

VO2max
{mi/kg BW x min)

+
Distance Run
% Fat ’_ Performance

FIGURE 31 Diagram of relationships among percent body fat. Ve . (ml/kg
body weight x minute) and distance run performance reported i cross-sectional

studies.

Six recreational runners, four men and two women. 20 to 30 years of
age. were used as subjects. They were relatively lean and had above aver-
: tml per kg bodv weight per minute) (Table 5-1). Body compo-
sitton was estimated tfrom body density, which was determined using hvdro-

dge Voo s
static werghing. A masimal, graded. running treadmit] test and the 12-minute
run were admimstered under four added-weight (AW conditions: 0.5, 10,
and 15 percent AW Weight was added to the trunk of the subjects using a
weight belt and shoulder harness.

During submaximal running on the treadmitl at 188 meters per minute
17 audesthourn . additton of excess weiphe Gigniticantly and systematicatly
increased ventilatuon, oxygen uptake in ficrs per minute, and heart rate but
did not significantly alter the oxygen uptake expressed relative to the total
weivht carried (TWo This fatter measure tended to decrease slightly (Table
S 250 During maxtmal runming, addition of excess werght did not signifi-
canthy affect ventifation, oxyeen uptake in liters per minute. or heart rate
unl/ke TW < minutes. treadnull run
tisve and 1 2-minute run performance. Under the 15 percent AW condition,

but ssstematically decreased Vi,
these three measures were reduced 6.9 mil/kg/minute (12 percenty, 1S min-
ates (1O percenty, and 277 mieters (8 pereent), respectively . compared to the
sorma weight condition (Table 5-3). The changes by individual subjects
for Vo tmhg TW ~ minute) and 12-minute run performance were very
consistent (Frgure 5-2). The average reductions i Vi o and 12-minute
run distance per 1 opercent added weight were 0.5 mi/kg TW < mnute and
IXmeters, respeciively,

Comparison of the Ve, (liters per minute) during submaximal and max-
mial running clearly indicated that the primary metabolic effects of addition
of exeess weight were 1o increase the energy requirement of running at
submavimal speeds without affecting the absolute Vi o (Figure 5-3)0 Any
submuaximal speed of running therefore required a higher percentage of
\Y cand V)
resulted an o reduction in treadmill ame. The mechanism by which added

s Cae Was reached at a lower speed of running. which in wrn,
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FIGURE 5-2  Individua! values for the 12-minute run performance and Vo, e

QO+

tmifkg total weight > minutey tor the four added-weight conditions. SOURCE:

Cureton et al. (1978) by permission.
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FIGURE 5-3  Treadmitl (TM) run time estimated tfrom mean submaximal and max-
imal V(. (liters per minute) values for the ) percent and 15 percent added-weight
(AW) conditions. SOURCE: Cureton et al. (1978) by permission.

weight affected the 12-minute run performance should have been the same.
assuming an individual ran at the same fraction of the\'/(,,nm across AW
conditions. ’

A measure of the total excess weight (EW) carried during the treadmill
and track runs can be computed by adding the fat weight of each subject to
the AW. This increases the dispersion of excess weight compared to that
when just AW is considered and substantially strengthens the refationship
of EW to Vi, .. (ml/kg TW x minuter and 12-minute run performance
(Figure 5-4). The changes in run performance associated with the variation
in percent BF closely paralleled the changes that resulted from added weight,
which indicates that the relationship of percent BE to these measures was
simifar to the cffects of added weight.

Based on the results of this study. it was concluded that (a) excess (fat)
weight causally affects Vi, .. expressed relative to weight and distance
running performance and (h) two alternate metabolic explanations can be
given for the detrimental effect of excess weight on distance running per-
tormance. One cxplanation is that excess (fat) weight increases the energy
requirement of submaximal exercise without affecting the absolute Vi 0
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Theretore, ranmimg at any submaximal speed requires a higher percentage of
Voo - and the pace that can be maimtained tor a given duration is reduced.
An alternate explanation s that excess (fat) weight reduces the Vi

cypressed relative to weght without aftecting

the oxygen regquirement ot

submaximal running per umt werght. Therefore, as for the other explana

tron. the percentage of Voo used durning running at a submaximal speed
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PXCENS WHIGHT . PERFORMANCE AND PHYSIOLOGICAL RESPONSES 79

is increased. and the pace that can be sustained for a given duration is
reduced.

The primary limitation of the AW model is that weight was added to
the trunk and not distributed over the limbs and trunk as would be the case
tor BE. Therefore, the effecis of changes in BF might be underestimated by
the AW model. because it is known that weight added to the limbs has a
bigger etfect on the energy requirement of submaximal exercise than weight
added to the trunk.  Another limitation of the model is that when body
weight changes. fat s not the only tissue to change. Gains in BF are
tvpically accompanted by gains in fat-free weight (FFW), and losses in BF
are usually accompanied by losses in FFW (Forbes, 1987). Thus. acute
changes in the fat-free component of the body that accompany weight loss
or gain may have effects not accounted for by the model. The validity of
the maodet is supported by data indicating that the increased oxvgen re-
quired to walk at a given submaximal speed brought about by adding weight
to the trunk using a backpack is the same as that produced by a similar
weight gain produced by overeating (Hanson. 1973). A number ot other
studies have indicated that the oxvgen required per unit weight carried to
walk or run at a given speed is not related to whether some of the weight
s carried externally using a weighted belt. vest, or backpack (Cureton and

3600
e (—— Male, ¥ Fat
Z
z 3200} TS
> T (== Experimentolly.
i T~ _ Added Weight
5 ~ - -
< ~
> 2800+ female, % Fat - ~-
N =~ ~ -
- ~._

? 4 OO U T —— 1 i L S}

0 5 10 15 20 25 30

% FAT OR EXCESS WEIGHT
FIGURE 5-5  Compuarison of regression lines deseribing the relationship between
percent tat and [2-minute run performance 1o men and women to the regression line
descnibing the eftect of added weight on 12-minute run pertormance.
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80 KIRK J CURETON

Sparling. 1980; Goldman and Lampietro. 1962; Hanson, 1973; Miller and
Blyth. 1953).

To evaluate whether the effects of added weight were the same as the
relationship of BF to performance in cross-sectional data, the regression
lines relating percent BF to 12-minute run performance in 34 male and 34
female recreational runners (Sparting and Cureton. 1983) were compared to
the regression line indicating the average effect of the AW in this study
(Figure 5-5).  The slopes of the regression lines were almost identical,
which supports the validity of the model and the conclusion that the inverse
relationship between BF and distance running performance reported in cross-
sectional data is cause and effect.

RUNNING PERFORMANCE, METABOLIC RESPONSES AND
GENDER DIFFERENCES

The second study also used the AW model (Cureton and Sparling, 1980).
The purpose of this study was to investigate the extent to which differences
between men and women in distance running performance and metabolic
responses during running are due to the gender difference in percent BF.
On the average. the percent BF of women is approximately 10 points higher
than for men. Women also have lower average Vg, ., (mi/kg BW x minute)
an ' poorer distance running performance (Figure 5-6). Of interest was the
determination of the etfect of experimentally eliminating the gender differ-
ence in percent BE (by adding excess weight to the men) and observing how
much the gender differences in Vi, . (mlkg TW x minute) and 12-minute
run performance were reduced.

The subjects for the study were 10 male and 10 female recreational
runncrs who were matched on running mileage and competiuve experience.
The V . eapressed relative to fat-free weight (FFW) of the groups was
alvo not significantly different. which indicates that the men and women

,
s ma

Female - VO2max
Gender p (mi/kg BW x min)

1+ / .
Distance Run

"» Fat Performance

FIGURE S-6 Diagram ot the effects of gender on percent body fat, V,, . (ml/kg
body werght ~ minuted and distance run performance based on comparative data in
the hiterature.
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TABLE 5-4 Physical Characteristics of the Subjects in
Cureton and Sparling (1980) Study

Variable Men (n* = {0) Women (n = 10)

mean t standard deviation

Age (years) 264+ 49 258 +46
Height (¢m) 178.7 £ 6.7 160.4 £ 6.9
Weight tkg) 70.8 £ 8.1 50.6 £ 8.1
Fat-free weight (kg 62.0+67 409 £ 6.2
Percent fat 114+23 189+ 4.0

*n = number of subjects.
SOURCE: Cureton and Sparling (198(}) by permission.

had similar cardiorespiratory capacity. Both the men and women were
relatively lean (Table 5-4). The measurements and procedures were the
same as for the earlier study (Cureton et al., 1978). Women were measured
only once with normal weight. The men were administered the graded
treadmill and [2-minute run test twice, once under a normal-weight (NW)
condition and once under an AW condition. The objective of the AW
condition was to equate the mean percentage EW carried by the men and
women. EW was defined as the sum of fat weight and added external
weight. Each man was paired with a woman, and weight was added to the
man such that his total percent EW was equal to the percent BF of the

TABLE 5-5 Means + SD for Physiological Variables Measured During
Maximal Treadmill Exercise and 12-Minute Run Performance

Men (n = 1) Women (n = 1)
Variable Normal Weight Added Weight  Normal Weight
Vy (0 x min'h 1233+ 145 1205+ 13.4 ®I8+ 135
Vo, b~ minh 431 £ 0.44 4.40 + 0.42 2821049
Vi tml x min'! < kg FFW 1) 69.8 6.0 714472 689+ 5.2
Voml < min ' x kg TWH 617451 57.8 + 5.9 557130
Heart rate (b « min 1) 187 +8 185 + & 185 + 7
R 1.16 + 0.05 112+ 0.04 113 £ 0.06
Treadmill run time (min) 156+ 1.4 14417 11.7+09
1 2-Minute run (m) 3362 + 226 II8Y + 243 2794 + 156

NOTE: # = number of subjects: FW = fat-free weight: TW = total weight carned: K =
respiratory exchange ratior Vi, (I/min) divided by V., (I/min).
SOURCE: Cureton and Sparling (1980) by permission.
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N2 KIRK J. CURETON

Table 5-6 Means £ SD tor Physiological Variables Measured During
Submaximal Treadmill Running (7 mph)

Men tn = 1) Women tn = 1))
Variahte Normal Weight Added Werght Normal Weight
Vol 534187 S4X £ 121 16.3 £ 7.6
Vo il <mn b 263 1042 279 £ 0.51 205 +0.33
Ve, anl < min b kg FFW L 424137 148+ 50 50.0 = 3.1
Voooml < b kg TW 37.5 137 36342 0.4+ 21
Heart rate th « min by 143 ¢ 6 149 + 7 162 £9
K 091 + 04 0.89 + 0,04 .93 + 0.04

NOTE: # = number of subjectst FEW = tat-free weightt TW = total weight carned: R =
resprratory exchange ratio: Vi, t/miny divided by V(| (/miny.
SOURCE: Cureton and Sparling (1980 by permission.

woman. Theretore, different percentages of EW were added to individual
men. but the average percent EW added was equal to the mean gender
difference in percent BE (7.5 percent).

The differences between the men and women during submaximal and
maxima! running. and on the [2-minute run. were similar to those reported
in other studies (Tables 5-5 and 5-6). During running at submaximal speeds.
men had higher absolute lTevels of ventilation and oxygen uptake. but wom-
en had higher heart rates and higher oxygen uptake values expressed rela-
tive 1o body weight iBW)Y or FFW. The higher \)’m (ml/kg BW x minute)
indicated that the women had poorer running economy than the men. which
was an unexpected finding. Most studies of trained runners have reported
no gender difference in running cconomy. The mean Vi man cxpressed in
liters per minute and relative to body weight was significantly higher in the
men. with the mean gender ditference for \'/()‘”m iml/kg BW X minute)
being 6 mi/kg » minute (11 percent). Vi, . expressed relative to FFW
was not significantly different in the men and women. with the mean gender
ditterence being 19 mi/kg x minute (2.8 percent). Mean treadmill run time
was 4 minutes (34 percent) longer, and 12-minute run distance was 568 m
(20 pereenty greater in the men than in the women.

A cxpedted. the effects of adding weight to the men were the same as
in the first study. The A during running at submaximal speeds expressed
in hiters per minute or relative to fat-free weight v as significantly increased.
whereas the V,, expressed reiative to the TW was reduced by a small
amount. The mean increase of 2.4 mbin V., (mi/kg FFW x minute) elimi-
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fines indicate mean treadmill run times. SOURCE: Cureton and Sparling ( 19OR0) by
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84 KIRK J. CURE ON
nated 32 percent of the gender difference for this variable. V(,,H,EK in liters
per minute or expresszd relative to FFW was not significantly affected by
equating excess weight, but V(,‘ max €Xpressed relative to body weight was
significantly reduced by an average of 3.9 1.i. which reduced the mean
gender difference by 65 percent. With excess weight equated in the groups
of men and women, there was no signiticant difference between the men
and women in V(,’,,m expressed relative to TW or FFW, with mean differ-
ences being 2.1 ml (3.8 percent) and 2.5 ml (3.6 percent). respectively.
Addition of weight to the men reduced the mean gender differences in
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tIGURE 5-8. Scatter JHagrams and linear regression lines predicting p - tormances
on the standing broad jump (SBI). 50-yard dash (DASH). agilitv run (AR). and
maodified pull up (MPU) from percent body fat. SOURCE:  Johnson (197%) by
permission
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FXCESS WEIGHT . PERFORMANCE AND PHYSIOLOGICAL RESPONSES 85

treadmill run time and [2-minute run distance by 1.2 minutes (32 percent)
and 173 m (30 percent), respectively.

FExaminitg the relationships among V(), expressed relative to FFW and
TW during submaximal and maximal running. and treadmill run time (Fig-
ure 5-7) revealed that the mechanism through which EW contribuied to the
gender difterence in treadmill run time could be explained in either of two
complementary ways. First, the greater EW of women increasc, the energy
required per kg of FFW to run at any given speed without affecting Vi, na
(mi/kg FFFW x minute). Thus, the percent Vi, .. used at ditferent spéeds
is ‘ncereased, the pace that can be maintained for a given duration i: less.
and Vi) .. is reached at a lower speed of running. Or second, the greata
EW of women reduces the Vu.md\ expressed relative to BW without ok
stantially affecting the V,,, (mi/kg BW x 1 ‘nute) required to run at sub-
maximal speeds. The pcrcém \'/(,”,m required to ran at submaximal speeds
is thereiore “acreased with the same consequences as in the first explana-
tron.

The conctusions from this experiment were. first. that the greater aver-
age genuer-specific excess weight (fat) of women causes a portion of the
gerder differences in V(),,,m (ml/kg BW x min) and distance running per-
formance. About 65 percent of the gender difference in Vi, .. (ml/ke BW
« minute) and about 30 percent of the gender difference in distance running
perfo rmance in the sample studied were eliminated by removing rhe gender
difference ir excess weight (BF). A greater percentage of the gender differ-
ences in treadmill time and distance running performance (probably closer
to 65 percent) wouid have been eliminated if there had been no difference
i running economy.  And second. because the additional gender-speciiic
BEF of women is not eliminated Sy diet or physionl training, it provides part
ot a biological justificatinn for separate ¢ *ance running performance stan
dards and expectatior.s for men and for women

PHYS1CAL PERFORMANCE, BODY FAT
AND WOMEN ATHLETES

The third study (Johnson, 1978). in which the AW model wa.. used.
compared the physical performance changes assoctated with increased BIF
based on cross-sectional data with performance changes resulting from add-
ed external weight in women athletes. The relationships between percent
BE, estimated from body density determined bv underwater weighing, to
four physical performance tests (50-yd dash, agtlity run, rnodificd pull-up.
and standing long jump) were determined in "4 women varsity athletes at
the University of Georgia. A significant negative relationship between per-
cent BF and each of the performances was found. althoush t' e correlations
were not high, ranging from about 0.4 to 0.6 (Figure 5-8). Six subjects
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conditions. SOURCE: Johnson (1978) by permission.

were selected at random from the 44, and the physical performance tests
were readministered with 5. 10, and 15 percent AW. Performances on each
of the tests decreased consistently and systematically with AW (Figure 5-9).
The slopes of the regression lines relating percent BF to the performance
scores based on the cross-sectional data were very similar to the regression
lines indicatine the average etfect of the AW (Figure 5-10). Therefore. it
was concluded that changes in performance associated with increased BF
are similar to changes that result from AW. The results support the validity
of the AW model for investigating the effects of differences in BF on
performance and provide experimental data indicating that relationships be-
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tween percent BF and ditferent types of physical performance that involve
movement of the BW are cause and effect refationships.

REFERENCES

Cureton. K. 1. and P. B. Sparling. 1980. Distance running performance and metabolic re-
sponses to running in men and women with excess weight experimentally equated. Med.
Scr. Sport Exerc. 12:288-294.

Cureton. K. J.. P. B. Sparling, B. W. Evans. S. M. Johnson. U, D. Kong, and J. W. Purvis,

R




- e o —

88 KIRK J. CURETON

197X, Eftect of experimental alterations in excess weight on aerobic capacity and distance
runmng performance. Med. and Sci. Sports 10:194-199.

Forbes. G B. 19X7. Human Body Composttion: Growth, Aging, Nutrition and Activity. New
York: Springer-Verlag.

Goldman, R. F.. and P. F. Lampietro. 1962, Encrgy cost of load carriage. J. Appl. Physiol,
17:675-676.

Hanson. J. S0 1973 Exercise responses following experimental obesity.  J. Appl. Physiol.
15:587-591.

Johnson. S. M. 1978 Excess body weight and the physical performance of temale college ath-
letes. M. A thesis. Department of Physical Education, University ot Georgia.

Miller. A. T.. and C. S. Biyth. 1955, Influence ot body type and body fat content on the
metabohic cost of work. J. Appl. Physiol. 8:139-141.

Sparhing. P. B..and K. . Cureton. 1983, Biological determinants of the sex difference mn 12-
min run performance. Med. Sci. Spert Exere 15:218-223.




Body Composition and Physical Performance 1992.

Pp. 89-103. Washington, D.C.

Army Data: Body Composition
and Physical Capacity

James A Vogel and Karl E. Friedl

INTRODUCTION

Body dimensions and bodv composition are known to influence the
capacity for physical performance. Taller stature, for example. is associat-
ed with longer muscle length, which in turn is associated with proportional-
ly greater muscle cross-sectional area and muscle mass (Astrand and
Rodahl. 1986). The greater muscle area and mass of the taller individual is
related to propertionally greater force development: for example, strength
and aerobic capacity are proportional to the cube of height. with aerobic
capacity also proportional to the two-thirds power of body weight (Astrand
and Rodahl, 1986; Hebbelnick and Ross. 1974; see also Malina, 1975).

Body composition associations. with exercise capacity are less well de-
fined mathematically but nevertheless are quite evident. For example. it is
apparent that there is a relationship between marathon running performance
and a body type characterized by leanness and modest muscle mass, or
between football defensive linemen and a large muscle mass and modest-to-
high levels of body tat (BF). Thus in athletic performance., particularly in
elite athletes. the influence of body dimensions and composition are readily
evident (McArdle et al.. 1985).

In contrast. the association of body composition with the capacity for
accupational task performance has received little attention. One exception
to this may be the military services who use on-the-job body weight or BEF
standards or both. At least in the case of the U.S. Army, these standards are
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said to be based in part on the requirements for physical job perfor-
mance. In recent years the Army has become increasingly concerned with
excess body weight and BF, although this concern appears to be focused as
much on appearance as it is on performance. The relationship between
military appearance and BF has been addressed earlier (Hodgdon et al..
1990).

Physical fitness or the capacity for physical performance is not a single
entity but is composed of several components, each representing a separate
source or pathway of energy for muscular activity. Although all energy for
muscular contraction is derived initially from muscle, the size of these
energy systems or titness components are not equally influenced by the
size of the muscle mass or the fat-free component. Likewise. the rela-
tively metabolically inactive fat mass also does not influence these fitness
components in similar ways. Therefore our consideration of body composi-
tion on physical performance must differentiate between these components
ot fitness capacity.

The purpose of this report is to address the relationship of the two
major components of body composition—fat and fat-free mass (FFM)—
with the major components of physical performance capacity —aerobic power
and strength—and present new data on these relationships in a large Army
population.  Emphasis is placed on how these relationships might be used
to establish BF standards tor the U.S. Army.

DESIGN AND METHODS

The data presented here were collected as part of a larger project to
validate BF standards based on objective criteria, including phvsical pertor-
mance, Measurements were made on an unsclected population ot xoldiers
at Fort Hood. Texas, and Carlisle Barracks. Pennsylvanta.  The sample
obtained at Carlisle Barracks. which provided most ot the 40+ age group.
consisted of students from the Army War College who were likely to be
more physically fit relative to the rest ot the sample. The total sample
consisted of 1.126 men and 265 women. Age and racial distributions of the
sample are given in Table 6-1.

Body compaosition was determined from hydrostatic weighing (Fitzger-
ald et al.. 1987: Goldman and Buskirk, 1961) using the Siri equation (Siri.
1961) to estimate BF from density: residual lung volume was measured by
oxygen dilution (Wilmore et al., 1980). Acrobic capacity was assessed as
maximal oxygen uptake (\-’(,,m‘,\ ) determined from a treadmill progressive
running procedure (Maksud and Coutts, 1971) that measured oxygen uptake
by the open circuit procedure with Douglas bags. and maximal §ift capacity
(MLC) by an incremental maximal lifting test to a height of 152 ¢m
(McDantel et al., 1983). Scores on two items of the U.S. Army’s phyvsical
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TABLE 6-1 Distribution of Sample by Gender, Age and Racial

Grouping

Men (n* = 1.126) Women (n = 265)
Age
Group White Black Hispanic White Black Hispanic
17-20 102 40 13 38 14 6
21-27 203 117 sl %0 67 8
2839 167 80 52 33 i3 4
J0+ 228 14 59 2 —- —
Total 760 251 175 153 94 18

*n = number of subjects

fitness test (2-mile run and sit-ups) were also collected by self-report. A
preliminary description of this study was previously reported (Fitzgerald
et al., 1986).

RESULTS

Body Composition and Performance Capacity Related to Age

The U.S. Army’s BF standards are established according to age. using
arbitrary age groupings set some years ago. Table 6-2 presents the mean
plus or minus standard deviation (+ SD) of the body composition variables.
and Table 6-3 presents the corresponding values for performance variables
for these established age groups. In this sample. percent BF and fat mass of
men increased with age across all age groups while FFM was stable. Wom-
en’s BF was not different between the first two age groups (17 to 20 and 21
to 27 years) but did increase in the third age grouping (28 to 39 years),

Maximal oxygen uptake decreased through the first three age groups in
men, on an absolute basis, relative to body weight and relative to fat-free
weight. In women, the decrease was clearly evident only on a bady weight
basis. Two-mile run time followed the same pattern as Vg_ . (per kg body
weight). MLC also decreased as a function of increasing age in men. most
prominently when cxpressed relative to body weight, but 1t -vas largely
unaffected by age in the women’™s sample.

Performance Capacity in Relation to Body Composition

Figures 6-1 and 6-2 illustrate contrasting expressions ot aerobic and
strength capacity in their relationship to BF and FFM in men. The same
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BODY FAT QUARTILES FFM QUARTILES
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FIGURE 6-1  Relationship between acrobic fitness and body tat, and fat-free mass.
by quartifes 1n men.

patterns exist for women. Figure 6-1 illustrates that absolute aerobic capac-
iy (maximal oxygen uptake in liters per minute) is not related to the per-
cent BE (metabolically inactive tissue) but instead is related to the amount
of FEM or. mose specifically, to the amount of oxygen-consuming muscle
mass. Relative \./(,‘nm (per kg of body weight), which is typically used in
expressing aerobic fitness. is related to BF because increasing fat increases
the denominator and thereby lowers the V()‘"m value. This relationship
corresponds to the physiological situation where the capacity tor body
propulsion is decreased as BE or non-energy-producing tissue (“dead
weight™increases. This 18 also reflected in a similar association with the
2-mile run times. For this reason ‘;’(,Hlm is expressed relative to body
weight when referring to the capacity of moving the body as in running.
Figure 6-2 illustrates that absolute lifting capacity is unrelated to BF
but directly related to FFM in men. Absolute lifting capacity is the appro-
priate measure in relationship to actual job task performance. Relative lift
capacity (kg Lift per kg of body weight) changes with percent BF because of
the changing denominator. The performance of sit-ups is related to changes
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in BF, not FEM. apparently due to the mechanical interference of the tat.
Simular results were observed in the women,

These two primary associations, relative V(,‘[,,“\ with percent BE, and
absolute MLC with FFM. are shown in further detail for men and women in
scatter plots in Figures 6-3 and 6-4. The observed correlations in cach case
arc substantial. indicating that BF and FFM account for approximately one-
third of the variability in acrobic capacity and MLC, respectively.

Relationship to Fitness Standards

Although a stated purpose of the U.S. Army’s BF standards is 1o ensure
adequate physical performance capacity (U.S. Army. 1986), the standards
were not actually based on performance requirements (passing scores on the
Army s physteal fitness test) when they were initially established and im-
plemented in 19X2 (Friedt et al., 1989y, Theretore. the data presented here
were used ina retrospective fashion to determine how well the BE standards
did i tact correspond to the physical fitness siandards. Two analyses were
carried out,

BODY £AT QUARTILES
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FIGURE 6-2 Relationship between mavaimal Bt capacity (MLC) and body fat, and
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The tisst anabysis was preliminary in pature and determined in a gen-
cral tashion whether acrobic fitness corresponded to the fat stapdard by
matching those physically fit versus those unfit against those mec g and
those not meeting the tat standard. This was done with the use ol a 2 x 2
contingeney table plot (Figure 6-5), A V(o of 45 ml/kg body weight/
minute was used as a cutoff point 1o represent being aerobically fit. This
was an initial attempt to determine i the fat standards were in general
agreement with the fitness standards by computing the number of correct
and incorrect matches. There were 74 pereent correct classifications for
men and 84 percent correct matches for women.

This mioal attempt to validate far standards based on a single fevel ot
aerobic fitness did not take into account the actual fitnesy test scores (2-
mue run times) and their adjustinent by age. The second analysis (Friedl
and Vogelin pressy plotied the passing (minimum) 2-mile run time equiva-
lent to V. on a histogeam of Vi) e VETSUS percent BE. In this case.
the BE value used was that determined by the U.S. Army's circumference
measurement procedure as actually applied to soldiers in their units. The
procedure was derived from and validated against hydrostatic weighing (Vogel
ctal, 19880 An example of such a plot for the youngest male age group is
shown in Figure 6-60 which identities the percent BF that corresponds to the
2-mide run score requirement. The figure shows a very rood correspon-
dence between the acrobic titness requirement and the BF standard that had
heen previoushy established tor this age group. 20 percent BE. The corre-
spondence of these points tor all age groups in men 18 shown in Table 6-4,

FIT UNFIT”
WITHIN No
FAT Match Match
STANDARD
EXCEED No
FAT Match Match
STANGARD

* Refers to cut point of 45 ml VO2max

FIGURE 6-5 2 ~ 2 contingenes table tor validating body tat standards against

acvobie pertormance by deternuning the pereent of correct matches.
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VGOemax (mi/kg/min)
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FIGURE 6-6 Histogram of Vi, . (per kg body weight) versus percent body fat
thy anthropometric equations) showing the minimum 2-mile run test score equiva-
lent for 1710 20-vear old men. SOURCE: J.A. Hodgdon, P. 1. Fitzgerald. and J. AL
Vogel. 1990, Relationships between body fat and appearance ratings of U.S. ol
diers. Te hmical Report Noo 12-90. LS. Army Research Institute of Environmental
Medicine, Natick, Mass,

Thus for men. the established BF standard agrees with the percent BF tound
in this population for the passing 2-mile run score for the two youngest age
groups, which makes up a large share of the U.S. Army. but not tor the two
older groups. This result suggests thai a more liberal BF standard is com-
patible with the acrobic fitness requirements in these older male groups. It
is unlikely. however, that a more liberal BF standard would be acceptable
for appearance criterion.

Such an analysis for women is not possible due to the limited size of
the sumple.  In general. the relationship between BE and aerobic fitness is
more flat in women than in men, which indicates a weaker relationship
(Friedl et al.. 1989, Friedl and Vogel. in press).

Another issue is whether the other component of fitness, strength ca-
pacity, should be related to a body composition standard. that is, a minimal
acceptable level of FFM. Alihough the relationship between FEM and ab-
solute strength or Hifting capacity has been shown (Figure 6-4). the practical
problem i1s what measures should be used to represeat strength fitness in a

-
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TABLE 6-4 Coricspondence between Aerobic Fitness
Requirement (2-Mile Run Time) and Established Body Fat
Standard by Age Group in Men

2-Mile Vo ma Body Fat
Fitness Standard Equivalent Correspondence Body Fat
Age Greup (min) (tml/kg/min) (%) Standard (%)
17 21 15:54 46.4 20 20
22-26 16:36 449 22 22
32-36 18:00 394 27 24
42-46 19:06 35.7 28 26

NOTE: Age groups for fitness and body fat are not identical.

tield fitness test. The current U.S. Army fitness test for strength or strength
endurance is sit-ups and push-ups. Neither of these items are correlated
with any actual Army tasks, such as lifting (Meyers et al.. 1984). Thus in
attempting to identify a minimal FFM standard. appropriate test item mea-
sures of strength would first need to be identified that are suitable for the
Army’s fitness test battery.

DISCUSSION

The data presented here show a moderate relationship between both
aerobic and strength capacity with certain body composition components in
a heterogenous population. These relationships are explained by the physi-
ological fact that greater muscle mass will produce greater muscular strength
or lift capacity, as well as maximal oxygen uptake, while greater fat mass
will increase the required relative amount of oxygen uptake to propel the
pody that has more dead weight to propel.

These relationships are important in the military and other occupational
settings for two reasons: (1) to set body composition standards that will
support the level of physical performance capacity that is required and (2)
1o appropriately express fitness capacity tailored to different occupational
activities. In regard to the former, it might be argued that if one displays
adequate fitness capacity (passes the fitness test) or can successfully per-
form the physical demands of his or her job, then a body composition
standard 1s unnecessary. However, a body composition standard (that is. a
minimum requirement) at least for BF, is added insurance for achieving the

desired level of fitness. Because fitness tests are not perfect measures of

capacity, nor is fitness capacity a perfect indicator of job performance abil-
ity. a BF standard. in this case percent BF, would be an additional indica-
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tion of adequate level of physical activity and capacity for a particular level
of desired physical performance. Furthermore, even with an adequate ca-
pacity level, an inappropriately high BF may be a risk factor for musculo-
skeletal and heat-related injuries. This risk, along with the added relation-
ships between BF and appearance or health, at least in the military and
public safety arenas, seems to justify the desirability of body composition
standards in addition to fitness standards.

With respect to the appropriate expressions of physical capacity, body
composition is important when contrasting fitness capacities between gen-
ders or betwecn individuals of different body size or stature. In such cases,
differences in exercise capacity may be largely accounted for simply by
differences in body weight, BF, or muscle mass. In comparing strength
capacity of men and women, absolute force is a more appropriatc expres-
sion relative to job performance, while strength (force) per unit of FFM
would be advantageous when evaluating the response to a training pregram
or comparing the contractile “quality” of muscle.

Vo, max €xpressed in liters per minute, urcorrected for body or muscle
mass. provides a measure of the total amount of aerobic power that the body
can produce and is positively related to the absolute quantity of muscle
present (Buskirk and Taylor, 1957; Welch et al., 1958). For the same level
of tratning and fat mass, muscular individuals are likely to outperform less
muscled individuals when significant amounts of external weight are car-
ried or backpacked. This difference is due to the proportionally smaller
“dead weight™ being carried by the more muscular individual. The greater
the external load. the more appropriate is the use of the expression of abso-
lute aerobic capacity (VO2 max i liters per minute) as compared to minimal
or no-load conditions where V,, .« adjusted by body weight is more useful.

A final comment is approf»riale regarding the question of whether BF
content alone is a good indicator of aerobic fitness (Parrish and Gustin,
1986: Slack et al., 1985). Direct measures of aerobic capacity (V. n. ) OF
aerobic performance (for example, 2-mile run for time) will always be pref-
erable to indirect indications such as BF when assessing an individual’s
ability to carry out aerobic tasks if there are no measurement constraints.
The fact that percent BF is correlated rather well with Vg, .. (an r of about
0.6) suggests that there may be limited applications where fat content could
be used as a screening device or indicator of relative fitness in population
studies. It is inappropriate as an estimate of aerobic fitness in groups
homogenous in terms of fitness or fatness, in highly fit individuals, or in
following changes in fitness of individuals during training.

In sum, physical capacity, in the context of occupational task perfor-
mance, is related to body composition in a heterogenous population. with
BF accounting for about one-third of the variability seen in aerobic capacity
and FFM accounting for onec-third of the variability in muscle endurance/
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102 JAMES A VOGEL AND KARL E. FRIEDL

litting capacity. The expression of physical capacity, whether uncorrected
for body size or composition, depends on the physical activity or compari-
son of concern. BF content can also be used in some circumstances as an
indicator of aerobic fitness. The U.S. Army’s BF standards for men corre-
spond to the aerobic standards in the younger age groups but deviate in the
older groups due apparently to the influence of an appearance criterion.

REFERENCES

Astrand. P-O.. and K. Rodahl. 1986. Body dimensions and muscular exercise. Pp. 391-411 in
Textbook of Work Physiology. 3rd ed. New York: McGraw-Hill.

Buskirk. E.. and H. L. Taylor. 1957. Maximal oxygen uptake and its relation to body composi-
ton. with special reference to chronic physical activity and obesity. J. Appl. Physiol.
11:72-78.

Fitzgerald. P. L. J. A Vogel. W. L. Damiels, 1. E. Dziado, M. A, Teves, R. P. Mello. and P J.
Reich. 1986. The body composition project: A summary report and descriptive data.
Technical Report No. 5-87. U.S. Army Research Institute of Environmental Medicine.
Natick. Mass.

Fuzgerald, P 1, J0 AL Vogel, J. Mileth, and J. M. Foster. 1987. An improved portable hydro-
static weighing system for body composition. Technical Report No. 4-88. U.S. Army
Research Institute of Environmental Medicine, Natick, Mass.

Friedl. K. E.. and J. A. Vogel. In press. The basis of current Army body fat standards. Techni-
cal Report. U.S. Army Research Institute of Environmental Medicine, Natick, Mass.
Friedl, K. E.. J. A, Vogel. M. W, Bovee, and B. H. Jones. 1989, Assessment of body weight
standards in male and tfemale Army recruits. Technical Report No. 15-90. U.S. Army

Research Institute of Environmental Medicine, Natick, Mass.

Goldman. R. F.. and E. R. Buskirk. 1961. Body volume measurement by underwater weighing:
Description of 4 method. Pp. 78-89 in Techmques for Measuring Body Composition,
J. Brozek and A. Henschel. eds. Washington, D.C.: National Academy of Sciences.

Hebbelnick, M., and W. DD, Ross. 1974, Body type and performance. Pp. 266-283 1n Fitness.
Health and Work Capacity: International Standards for Assessment. L. A. Larson. ed.
New York: Macmillan.

Hodgdon. J. A, P. L. Fitzgerald, and J. A. Vogel. 1990. Relationships between body fat and
appearance ratings of U.S. soldiers. Technical Report No. 12-90. U.S. Army Rescarch
Institute of Environmental Medicine. Natick, Mass.

Maksud. M. G, and K. D. Coutts. 1971. Comparison of a continuous and discontinuous graded
treadmil] test for maximal oxygen uptake. Med. and Sci. Sports 3:63-65.

Malina. R. M. 1975, Anthropometric correlates of strength and motor performance. Pp. 249-
274 in Exercise and Sport Sciences Review, vol. 3. J. H. Wilmore and F. F. Keogh. eds.
New York: Academic Press.

McArdle, W. D.. F. L. Katch, and V. L. Katch. [985. Physique. performance and physical
activity.  Pp. 513-530 in Exercise Physiology: Energy. Nutrition, and Human Pertor-
mance. 2nd ed. Philadelphia: Lea and Febiger.

McDaniel. J. W.. R J. Kendis, and S. W. Madole. 1983. Weight litt capabilities of Air Force
basic trainees. Air Force Aeromedical Research Laboratory Technical Report No. R3-
0001, Wright Patterson Air Force Base. Ohio.

Meyers, D. C.. D. L. Gebhardt, C. E. Crump. and E. A. Fleishman. 1984. Validation of the
military entrance physical strength capacity test. Technical Report No. 610, US. Army
Research Institute for the Behavioral and Social Sciences, Alexandria, Va.

e .



BODY COMPOSHION AND PHYSICAL CAPACITY 103

Parrsh YO and MU E- Gastin, 1986, Body fat as an indicator of performance ot physical
tiness testing. U.S. Navy Med. 77:18-20,

S, Wo B 1961 Body composition from tluid spaces and density: Analysis of methods, Pp.
224 244 n Techniques for Measuring Body Composition. 3. Brozek and A, Henschel,
cds. Washmgton, D.Co Natonal Academy of Sciences.

Stack. M Co B AL Ferguson, and G Banta. 1985, Per cent body fat alone is a poor predictor
ot physical fitness. Mil. Med. 150:211-214.

LS. Department ot the Army. 1986, Regulation 600-9. “The Army Weight Control Program.”
September 1. Washireton, D.CL

Vogelo Jo AL WL Kirkpatrick, Po L Fitzgerald, J. AL Hodgdon, and E. A Harman. 1988,
Dervation of anthropometry based body fat equations for the Army '~ weight control
program. Techmcal Report Noo 17-880 S0 Army Rescarch Instinre of Environmental
Medicme. Natick, Mass.

Welch, B ELROPORiendeau, CoE Crispland R. S, bsenstein, 1958, Relationship of maximal

oayYgen consumpion to various components of body composition. J. Appl. Phyaol. 12:

953K,
Wilmore. Jo HO PO A Vodak. RO B Parr.and RN Girandola. 1980, Further simphification ot 4
method tor determination ot restdual Tung volume. Med. Sci. Sports Exerc. 12:216-21X,

RPN,

gy



v — o a

Body Composition and Physical Performance 1992.

Pp. 105118, Washington. D.C.

The Relationship of Body Size and
Composition to the Performance of
Physically Demanding Military Tasks

Everett A. Harman and Peter N. Frykman

INTRODUCTION

The most common physically demanding tasks in the U.S. Army are
lifting and carrying (inciuding load carriage). Typical military lifting tasks
include loading artillery shells, lifting supplies onto and removing them
trom trucks, moving construction components, and assembling or disassem-
bling heavy equipment. Most lifts involve raising an object from the ground
to between waist and shoulder height. Carrying is usually associated with
hfting. A soldier is generatly expected to {ift objects weighing as much as
50 kg single-handedly, with heavier objects lifted by more than one individ-
ual. Most of the objects lifted do not have handles. In heavy lifting jobs,
85- 10 200-pound objects may be lifted and carried up to 200 yards by a
single individual.  Packs in excess of 100 pounds and other heavy loads
may be hifted and carried for several miles (Myers et al., 1983; U.S. Army.
1978).

Unfortunately. large numbers of recruits have left the military because
ot failure te cope with physically demanding military training and work.
Some enhisted personnel have been unable to carry out their jobs or have
become injured while litting or carrying heavy equipment and supplies {Myers
ctoal.. 1983, Ap important question one must ask i1s whether military
screening fests are effective in excluding from service individuals likely to
be cither ineffective in performing their assigned tasks, or prone to injury
due to phyacal weakness.
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Astde trom the standard physician’s examination. the main physical
screening tool for entry into the U.S. Army is a table of maximal body
werght-for-height taccession standard AR 40-501) (K. E. Friedl, U.S. Army
Research Institute of Environmental Medicine. unpublished data). Exces-
sive body weight-for-height is used to infer obesity. The Army physical
fitness test, which is based on age-specific standards tor push-ups. sit-ups
and 2-mile run time is not an entry screening test and is not administered
until atter the start of basic training. A lifting test on a stack-type weight
machine is administered 1o potential recruits to help advise them whether
they might have difficulty performing physically demanding jobs, but it 18
never used to exclude anvone trom a mifitary occupational specialty.

Associations Among Body Fat, Load Carriage Ability,
and Running Performance

A sound theoretical basis exists for believing that excess body fat (BE)
is detrimental to pertormance.  Adipose tssue mainly serves the purpose of
energy storage. 10 s noncontractile and cannot assist in force generation.
Yet it has mass and werght, which increases the force-generation require-
ments of the muscles for support of body segments against gravity and to
overcome inertia during acceeleration (Boileau and Lohman., 19771 Accord-
g to Newton's second faw. foree equals mass times acceleration, so that
aceeteration equals foree divided by mass (Menam. 1978).

Force = Mass x Acceleration
Acceleration = Force / Mass (b

For an individual with a given amount of muscle tissue and force-genera-
nor capebility, fat deposits increase the mass and thus the weight and iner-
tia of body segments. Table 7-1. based on calculations using equation |,
shows that for a given amount of force applied to an object, a 10 percent

TABLE 7-1  Loss in Acceleration
with Increase in Mass Given a
Fixed Force

Increase Decrease

n Mass (v m Acceleration (0
18] 9

20 17

0 21

10 20

v o o

- e
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increase i the object’s mass reduces acceleration by 9 percent. A 20
pereent increase m mass redaces aceeleration by 17 percent. and so on. BF
then reduces the rate at which the body can be accelerated, as when speed
or direction are rapidiy chunged.

For endurance activities. where rate of energy production is a limiting
tactor, tat weight 1s detrimental because the work performed in raising an
object to a given herght s proportional o its weight. and energy required is
directly related to work performed.  The body’s center of mass is raised
repeatedly during locomotion. From a simplified point of view the net
power output during running equals body weight times the vertical center of
mass travel per stride divided by the time per stride. Increasing either body
weight or the vertical travel of the center of mass raises the power require-
ment.  Also. with all else being equal. a more rapid stride frequency—
which results in a shorter stride time in which the work of raising the body
is performed—increases power output. Because sustainable maximal power
output 1s Iimited by one’s anacrobic threshold, when an individual™s body 1s
fatter. 1t cannot be raised and lowered as frequently as when 1t 1s leaner,
unfess it s raised a shorter distance per stride.  All ¢lse being equal. the
lowering of either stride frequency or vertical center of mass travel (and
therebhy stride fengthy reduces running speed.

There s considerable evidence that tat weight can diminish running per-
formance.  Cureton et al. (1978) performed experiments in which they added
weight to the trunks of runners to simulate the effects of fat weight. It was
found that the added weight systematically and significantly decreased
V()~ may

but did not decrease absolute V,

expressed relative 1o body weight (which included the added niassy
nor V,
The added weight decreased endurance time on a treadmill. the speed of

O s O~ max Felative to lean body weight.

which was mcreased every 2 minutes, and shortened maximal distance run in
12 minutes.  Fifteen percent added weight decreased the speed of the 12-
minute run hy 8.6 percent. The experiment showed a negative effect on
running performance attributable to excess weight alone. independent of
any change i cardiovascular capacity. In a similar experiment. Cureton
and Sparling (1980) placed weights on cach male subject to simulate the
percent BE ot a paired women subject. The weighting reduced men-women
ditferences by about one-third for both treadnul run time and 12-minute
run distance, and by two-thirds for V(,‘,‘].I\ relative to total running weight.

Based on signiticant correlations of percent BE with both time required
to run o dixed distance and distance covered in a fixed amount of tnime.
studies have shown that fatter individuals tend not to pertorm as well in

unloaded runming as do leaner individuals, Table 7-2 shows correlations!

"Pearson product moment correlations (herguson, 19761 were used throughout.
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TABLE 7-2  Correlations of Percent Body Fat with Run Performance

Male Female
Study Run n* Gender r r
K. B Fred! 2 miles 149 M -0.36
(LS. Army Res. 46 F 012

Environ. Med.,
unpubinhed)
M. Knapik 2 miles X1 M -(1.3%
(LS. Army Res
Environ. Med.,
unpublishedy

Melto et al. 2 miles 44 M .60

(19X4) 17 F ). 28
Harman et al 2 miles 32 M 0.46

1N
Myers et al 2 miles 751 M 0.21

1983 4350 F 019
Cureton et al 12 minutes S5 M 0.30

11979, AR F 022
Fatzgerald et 2 mdes 10 M -0.47

al. tlush, 2 mules 183 |3 0.3

“n = number of subjects
Tr= Pearson product-moment cortelation coefficient: negative # means tatter subjects

ran ~slower

between percent fat and running performance for several reported studies.
It can be seen that the relationship between percent BF and running perfor-
mance is not strong. However. all of the studies showed some detrimental
cttect of percent BE on running performance.

Women in the Army show a weaker relationship between percent BF
and running performance than do men. One reason might be that the wom-
en show less variation sn percent BE. so that other factors such as cardio-
vascular status. sheletal proportion. and motivation can exert greater influ-
Cnee.

The relatively weak association between percent BE and 2-mile run
time indicates that an individual™s running ability cannot be well predicted
by fatness. There are many fatter individuals who can run faster than leaner
ones and many lean individuals who do net run as fast as expected.

Despite the fact that the 2-mile run s part of the semiannual physical
fitness test that soldiers must take, there s little evidence that unloaded
running abilits relates to mihtary performance. Running more than a mile
without a load s a task rarely demanded of a soldier. One might assume
that a soldier who can run better without a load can run better with one as
well, This may not be the case. In experiments in which the performances
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of both load carriage and unloaded distance running have been assessed.
Knapik (U.S. Army Research Institute of Environmental Medicine. unpub-
lished data) found a correlation of only 0.16 between the 2-mile run time
and 20-km load carriage time, while Kraemer et al. (1987) found a 0.63
correlation between 2-mile run times with and without a load. One reason
for the higher correlation among Kraemer's subjects was that both run and
load carriage were conducted over the same distance and course. The 20-
km distance s much more typical of military marches and normally in-
volves considerably more walking than running.

Why is the association between performances in toad carriage and run-
ning not stronger? The answer seems to be that it takes a different body
type to carry loads well than to be a good runner. Table 7-3 shows the
typical body build of competitive middle- to long-distance runners (McAr-
dle et al.. 1986). It can be seen that they are slight of build and lean. Elite
runners are even more slightly built and hnear than very good runners. as
shown by Bale ct al.”s (1985, 1986) measurements of both men and women
distance athletes. Tanaka and Matsuura (1982) showed that simple anthro-
pometric measures of linearity and leanness account for as much variance in
running ability as do Vg, and cardiac output combined.

Not only is the leaner individual favored in unloaded distance running.
but so 1s the smaller individual who carries less muscle tissue. In their text
on work physiology. Astrand and Rodahl (1986) extensively discussed the
effects of body size on performance. that was based on an carlier exposition
by Hill 11950). They explained why larger people, even if tean. could not
be expected to run distances as effectively as smaller people. Their argu-
ment was based on the way the various body dimensions change as body
size changes.  Table 7-4 shows how some selected dimensions change
with height it body proportions remain constant. Because areas are two-
dimensional. they are related to the square of height. Volume is three-
dimensional and thus related to height cubed. Flow rates are related to the
square of height, while frequency and acceleration are inversely related
to height. The derivations ot these relationships are outside the scope of
this paper.

TABLE 7-3 Typical Body
Measurements of Marathon and
Middle Distance Runners

Heipht 176 cm (5797
Weight 63 kg (139 tha
Percent tat S percent

Lean body werght 60 kg (132 ihy)
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TABLE 7-4  Various Dimensions
as Functions of Height (H)

Scgment length H

Muscle cross-sectional area H-
Body mass !
Skin surtace area H?
Flow rate H-
Frequency 1/
Acceleration 1/H

Assuming constant body proportions. oxvgen requirement is related 1o
bady mass, which is in turn proportional to height cubed. Oxygen transport
depends on cardiac output. which is a flow rate proportional to height squared.
Thus as body size increases, oxygen requirement increases taster than does
the ability to transport oxygen. 1t is for this reason that Astrand proposed
measuring aerobic fitness in terms of mi x kg~ x minute ! rather than the
conventional ml x kg ' x minute ', which favors the smaller bodv. Maxi-
mal oxygen uptake in absolute terms increases with body weight but, ex-
pressed relative to body mass. decreases with body weight.  As a function
of body mass raised to the two-thirds power. it remains constant over a
wide range of body weights. It must be made clear however, that oxvgen
uptake expressed in the standard mi x kg ' x minute !
distance running performance.  Correlation of 0.91 for men and 0.89 for

is clasely related to

women between running performance and rate of oxygen uptake expressed
relative to body mass enabled Mello et al. (1988a) to develop equations that
effectively predict relative oxygen uptake from 2-mile run time. Thus, us-
ing Astrand and Rodahl’s (1986) recommended kg** for equating acrobic
titness of people of different sizes might indicate one’s fitness relative
to similar-sized individuals. It doesn’t however. atter the fact that smaller
people are more likely to run faster over middle to long distances.

Law (Burtoot, 1990) developed tables, based on 5.000 10-km perfor-
mances and over 7.000 marathon performances trom the 1987 Marine Corps
Marathon. to compare both men and women of differing body weight. Ta-
ble 7-5 shows the minety-ninth. nineticth, seventy-fifth and fifticth pereen-
tile performance times tor the mens” 10-km run. It can be <cen that at cach
percentile, thie Jarger runners were considerably slower. For example, the
ninety-ninth percentile 10-km run time was almost 10 minutes slower for
men over 195 pounds than tor those under 155 pounds. Astrand and Rodahl's
(1986) theory is supported in that the times in the table are close to those
calculated it oxygen uptake in liters per minute increases with the two-
thirds power of body mass. and running speed is proportional 10 oxveen
uptake 1n ml X kg ' x minute .
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TABLE 7-5  Times in Minutes for the 10-kilometer Run
Reterenced by Percenttle and Body Weight

Percentile Body Werght (ibs)
ERRN JAS-174 175 144 ivs+
Minutes:iseconds
RE 249:50 33y A6:54 34:249
o 3510 904 12:49 3537
7S LA 42:56 353:57 4818
< 11.06 1701 19:44 s34

Load carriage ability s not well predicted by unloaded running, because
although & shight body build is well adapted to unloaded running. it is not well
adapted to load carriage. particularly as loads become heavy. Larger people
tend to have greater fean body mass (LBM) which helps to support and move
the load carnied. Table 7-6 shows correlations of LBM with both height and
body weight. 1t can be seen that, for both men and  women. LBM is well
related to total body werght, at Teast for a young. military population.

Association of Lean Body Mass with Military Performance

Table 7-7 shows correlations of load carriage performance with [LBM
and percent BE. Jt can be seen that fatness is associated  with slower foad
carriage. Higher LBM is associated with taster load carriage. The correla-

TABLE 7-6  Correlations of Lean Body Mass with Height
and Weight

Stindy Herght Weight
Men Women Men Women
L

Teves et al 0 6fY 075 09 1) XN
tTOUXS)

Harman ¢t al 0 K8 () &S
§IaNRY

Myers et al (LN 072 Nl (.80
FIOS 3

Fitzeerald et ad 063 [Nt 7y 076
{ 1UX6)

ro Pewson product moment carrelation cocthicent isee tables that tollow)
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TABLE 7-7  Correlations of Load Carriage Performance
with Lean Body Mass and Percent Body Fat in Male

Subjects
[ oad [ B\ Percent bt
Stindy Do A I r
Medlo et al 2 ki 6 (RIS .00}
CLUNSh) P hm it 0 3 (IR
N km 46 43 €48
12 km 16 s~ [FINT!
Kitapik 20 hm it 026 [EAE
TS Ay Res
Inst Bavaron
Medo unpublishedy
Diziados et al [0 nfes IS 0o 0os

R

v Pearson product-monient correlation coetheent correlations mean

higher Tean body taass taster timies: hicher percent bedy tar s lowe
tmes,
tons are stronger tor EBN than for percent BE. Tt thus may be more

mportant to screen potential recruits for EBM than tor percent BE,

Added evidence as to the importance of LBNM tor performance of mili-
tary tashs s the positive relationship between EBM and hitting ability.
Fable 7 8 shows correlations of Bitting peiformance with L.BM and percent
BE Ttas clear that LBM s an important factor in hitung. much more ~o
than percent BES The low but positive correlations of percent BE with
Bttime abrlity sugeest a weak trend for tatter peoade to litt more etfectively,
prohably hecause individuals with more fat teed o have greater LBM.
Table 7-9 shows the weak but positive associaton among men between
LBM and tatness. However, the Myers et all (1983) data saggest that the
trend dediines or even disappears witiy tramming, probably as the fatter men
fore weight, Frgure 7-1 trom the work of Ko E Friedl canpublished) shows
that men above the BE standard lose body weight. while those below the BE
standard gain body weight during basic traming. Overall, men gain about
25 kg ot LBM durning basic tramning, while losing T to 2 percent fat. Wom
cnoalso gain about 2.5 kg of T.BM 1n basic traimning. but there v disagree-
ment as to whether they gain or lose in percent bodvy tat (K. E. Friedl
unpublished: Myers at alo, 19530 Teves et al., TYRS).

Fhe weaker correlations for women than for men hetween Jean body
weight and hitting ability might be related to lack of experience among
women with hitting, which results in greater varnabifity i techmque. It
~hould also be noted that the correlations listed for the Myers et all (1983
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TABLE 7-8  Correlations of Litting Performance with Lean Body Mass
(LBM ond Percent Body Fat

Men Women
Lo I B\ Percent Far LLBM Percent bt

Study Fape ’* ’ ’ r
feves etal Mavunal 045 0.06 0.26 010

LIUKS
Sharp ¢t al Repetitive! 0.68 (.25

runpubinshedy Maximal (A% (1s - -
Myers et al Maximal (64 (.26 045 0.03

RN

“roz Pedrson productmoment correlation cocfictent: positive correlanons mean: higher
fean body mass better Tftime: lizher percent body £t = better hitting,
Mavtmal number of hifts with 90 pounds m 10 minutes,

study are betore busie traming. Yet the correlations between 1.BM and
ifting abidity staved quite constant through both basic rraining and ad-
anced individual training. The relationship between LBM and lifting abil-
1y for women actually strepgthened after training. probably due to nrare
with Tittmg, which lessened varniability in technique. e oo Gaste correla-
tnons of hfting ability with percent BE dropped te qoout zero after basic
training for noth men and women. and remuained there through advanced
imdividuoal training. Thus. percent BE of the working soturer ppeni v he
unrelated to Litting abihity.
In addition to being posttively associated with joad carriage and litting,
LBM b5 related to other military task performances. Table 7-10 shows that
LBAT tended 1o be positively associated with the ability to push, cany and

TABLE 7-9  Corrclations of Percent Body
Fat with Lean Body M

Study Men Waomen
L
Feveseral (19X, 2 S
Muers et ab cluxds
betore basie traminge 6 hR
atter basic trimmg AR 09

atter Al 04 o

’ Pearson product moment correlation cocticnent

Al advanced individuad travaoy

A -

— s,
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CHANGE IN WEIGHT (POUNDS)

12

-12

-16 Bl £AD TO END OF BT 1 EAD TO FIRST UNIT

' -20
<10 10-12 12-14 14-16 16-18 18-20 20-22 22-24 24-26 > 26

PERCENT BODY FAT AT EAD

FIGURE 7-1  Change w bady weight of nulitary men {rom entry 1o active duty
(EAD) 1o the end of basic training (BT) and assignment to first unit.

exert torque. As observed for lifting, lean body mass was a better indicator
of performance ability than was percent BF. There was a weak trend for
tfatter people to push and exert torque better, probably because they could
' use their fat mass to generate momentum (Myers et al.. 1983).

' Discussion and Conclusions

Where does all this lead? Fat weight clearly impairs distance running
ability, but distance running is rarely required of soldiers. The performun-
ces of common physically demanding military tasks, including oad car-
riage, litting, pushing, and exerting torque, are more closely related to 1LBM
than 1o percent BE. There is even a weak trend for body fatness to improve
performance in lifting. pushing, and torgue exertion.

The evidence presented suggests that minimum LBM standards may be
more important to military performance than are maximum percentage Bl
standards.  Perhaps recruits should be reguired to meet standards for both
minimum LLBM and maximum percent BFE.

performance tests. Despite the consistent trend for LBM (o be assoctated

Another alternative is 1o eliminate BF standards completely in favor ot

e e ——
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with fitting and load carriage ability. the correlation coetticients are fair at
best. Thus, depending on thetr stringency. body composition standards
could exclude many potential recruits capable of effectively performing
military jobs well and grant entry to many individuals physically incapable
of satistactorily performing their military jobs.

In contrast to the Army. many police and fire departments only accept
applicants who pass physically demanding performance tests that closely
simulate job tasks.  Advantages of this approach include

o actual performance is tested. rather than performance by inference.

o recrutts who pass physically demanding performance tests might be
icss fikely to be injured after enlistment, saving the Army medical and lost
worktorce costs,

« attrition might be reduced because potential applicants not physically
or psychologically prepared for the demands of militury duty are less hikely
to be able to train themselves to pass physically demanding performance
fesis.

» such testing would not necessarilv lower the rate of recruit accep-
tance. It might help to select applicants more suited to their jobs and fess
likely to prematurely leave the military.

In addition, it docs not appear that the existing Army physical fitness
(PT) test would be etfective for entry screening. Table 7-11 shows some of

Taoan

the minimal existing data relating physical fitness test scores to lifting an

load carrtage. the two most common physically demanding Army tasks, Of

the three studies listed. the correlations from Myers et al. (1983) are based
on the largest number of subjects and indicate only a weak positive associa-
tion between number of push-ups and maximal lifting ability. The correla-

TABLE 7-10  Corrclations of Performance with Percent
Body Fat and Lean Body Mass (LBM) after Advanced
Individual Training

Percent Fat {.can Body Mass
Task Men Women Men Women
o
Weight pushed 20 b7 b 37
Forgue 1% A4 35 30
Push work 30 1O R 6
Carry work 03 17 27 02

rocorrelation coetficient: positive correfations mean® tugher percent

hody tat berter pertormance: higher fvan body mass - better performance
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TABLE 7-11 Correlations of Army Physical Fitness Test (PT)
Scores with Lifting and Load Carriage Pertormance

Lifting Load Carriage
Study Men Women Men Women
ot

1. Knapik (1.5, Army Res. In.t.

Med.. unpublished)

(n = 89 males)

push-ups - — 0.09 —

Sit-ups — — 0.19 —

2-mile run - — 0.16 —
Myers et al. (1983

(tn = 751 males, 450 temalesy

push-ups 0.24 0.32 - -

sit-ups 0.06 0.24 -- —

2-mile run —-0.06 0.14 — —
Huarman et al. (198%)

(= 32 maley)

2-mule run -0.37 — - -

. N .
r = correlanion coefticient: positive correlations mean: better PT score = hetter
hittng or load carriage

tions of 2-mile run performance with 1ifting show no association in the
Myers et al. (1983) data and weak association in the Harman et al. (1988)
report, where the negalive correlation indicates some tendency for the
better runners to hift less effectively. This is not surprising given the ten-
dency for greater LBM to be detrimental to running ability but salutary to
lifting ability. The J. Knapik data (unpublished) aiso show little relation-
ship between the physical fitness test scores and load carriage ability.
There are obvious reasons. in addition to the differences between load-
ed and unloaded running abilities already discussed, why the PT tests do
not eftectively predict military task performance. The first relates to As-
trand and Rodahl's (1986) discussion of body size. Assuming constant
hody shape. body weight increases with the cube of height, while strength,
which reflects muscle cross sectional area (Ikai and Fukanaga, 1968; Ryushi
and Fukanaga, 1986), 1s proportional to the square of height. Because muscle
strength does not keep pace with increasing body mass. larger individuals are
at a disadvantage in manipulating their own bodies. Thus, smaller people
can more casily perform push-ups and sit-ups but cannot lift as much be-
cause the greater aosolnte strength of larger muscles can be effectively
applied to the manipulation of objects external to the body. as in lifting.
An additional reason why push-up. sit-up. and 2-mile run scores are noi
strongly associated with military task pertormance relates to the concept of

1 e et
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strength specificity, which holds that the more dissimilar two exercises are,
the less their performances can be expected to be associated. The move-
ments involved in push-ups and sit-ups are quite dissimilar to those in-
velved in lifting and load carriage. The development of new physical fit-
ness tests more specifically related to military tasks would require careful
analysis and experimentation.

There are many different jobs in the U.S. Army, yet all soldiers must
mecet the same age- and gender-specific standards for BF and physical fit-
ness. Because the Army is already dealing with great diversity and com-
plexity in other areas. perhaps it can also deal with a limited number of
different physical standards for different jobs. Tough standards could be
applied to combat units and physically demanding occupational specialties.
More lenient standards for non-physically demanding jobs could help avoid
excluding fatter or weaker individuals who might have skills and abilities of
potential benefit to the Army.

The U.S. Army should clearly define its reasons for having body com-
position standards. This report has shown that the existing standards are
not well related to military task performance. If performance is the main
reason for having standards, then new standards should be developed. If
appearance 1s an important consideration, then psychological studies should
be undertaken 1o determine how the appearance of Jatness affects military
morale and interpersonal relations. [If health is the critical factor. then
epidemiologic studies should be given priority. Idemification of the prob-
lem is the most important step in finding its solution.
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New Approaches to Body
Composition Evaluation and
Some Relationships to Dynamic
Muscular Strength

Frank I. Katch

NEW APPROACHES TO BODY COMPOSITION EVALUATION

Estimating Excess Body Fat From Changes in Abdominal Girth

A new method has been devised for determining changes in percent
hody tat (BEF) based on the ditterence between an mitial value tor abdomi-

nal girth tAG) and a calculated “target”™ AG based on a desired level of

percent BE (Katch et al.. 1989). The new method ditfers from traditional
approaches, such as fatfold and girth-generated regression analysis based on
densttometry F Lson and Pollock, 1978: Katch and McArdle. 1973: Pol-
lock et al.. 197v Wilmore and Behnke, 1968, 1969, 1970). bioclectrical
impedance (Deure oerg et al, 1990; Segal et al.. 1985). and other indirect
appraisal procedures (Borkan et al., 198S; Lukaski, 1987) that first estimate
pereent BE and then the individual attempts to achieve a desired change in
body mass or composition. With these different methodologies, especially
the fatfold technigue. accuracy is often attenuated due to statistical Tactors
refated to vahdity (Katch and Katch, 1980), particulariy the choice of mea-
surement sites. Nevertheless, the use of regression equations for a one-time
assevament has provided tmportant quantitative information. However, us-
g the same regresston cquation for pre and post-testing will produce
unacceptiable estimates of changes n percent BE (Barrows and Snook. 1987y
In contrast, the new approach s based on a different strategy than the
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previous methods. With the new approach. the question is asked:  How
much does the abdominal girth need to be reduced to achieve a desired
percent BE?

Development of the new method had its roots in chinical experience
with subjects who altered their body composition dramatically during dit-
ferent regimens of exercise and caloric restriction.  But it was Behnke
(1963, 1969) who first detailed quantitatively that two abdominal girths
(natural waist and umbitlicus) showed the greatest absolute changes with
body mass loss in relation to il other trunk and extremity sites. There is
also good experimental evidence that increases in total BF result in propor-
tional increases in abdominal fat (Kvist et al., 1986). Thus. it scemed
logical that changes in percent BF could coincide with reductions in excess
AG, o7 that reducing excess AG should coincide with proportionate reduc-
tions in percent BF. The proposed method is based on the ditference be-
tween an initial value for AG and a target AG that corresponds to a “de-
sired™ percent BF.

Calculation of Excess Abdominal Girth

Excess AG 1 measured with a calibrated anthropometric cloth tape at
the natural waist or the abdomen at the level of the umbilicus. A two-step
procedure is required to calculate excess AG for an individual. Step 1
requires the development of constants based on the source data for subse-
quent application in Step 2.

« Step 1. The calculation of excess AG is based on large-scale anthro-
pometric surveys in the military. For men, these included soldiers (White
and Churchill, 1971) (Table 8-1) and U.S. Army aviators (Churchill et al.,
1971) (Table 8-2). and for women., U.S. Air Force women (Clauser et al.,
1972) (Table 8-3). From these data, a target AG was computed as the
product of F (kg of body mass per meters [m] of stature) and a constant
Q. This constant was calculated as the ratio of AG at a predetermined value
tor percent BE to F (Q = AG/F). From Table 8-1. tor example. Q = 12,36 at
the fittieth percentile (Q = 78.9/6.381).

With the data sets from the military, it was necessary to estimate body
composition because such criterion measures were not included in the sur-
vevs, or they were limited to a small subsample of the data (Clauser et al.,
1972y, For the soldiers and aviators. fat-free mass (FFM) was computed by
the anthropometric method of Wilmore and Behnke (1968). and for U.S. Air
Force women. percent BE was derived from a surface area equation that
included triceps, subscapular. and supra-ihac fatfolds (Katch et al.l 1979)
and the variable £ (square root of the quantity body mass in kg divided by
stature in meters) (Behnke and Wilmore. 1974).
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TABLE 8-1 Source Data for 6,682 U.S. Army Soldiers

Percentile

| S 25 50 75 0S8 99
Age (years) 17 4 1R.60 19.6 20.0 230 318 43
Muass thy) S22 7.4 648 710 784 91.7 103
b S 497 5737 6.096 6,381 6.708 7.251 7 685
Percent tat 04 ix R0 .1 149 19.1 244
Ahdomen (cmy 6o 3 6o.7 745 789 K47 Y59 105.6
QF 1206 1218 12.22 1236 12.63 13.2% 13.74
Farget girth® ronn 12 759 807 K14 K¥.7 989 101.7

tF = thody mass [kglherght fmp Median height used in calculations tor each percentile
was 174 m

“The percent fat value tor pereentiles 1 oand S are severe underestimations based on the
anthropometric esxtimation technigue and should be interpreted with caution. At the twenty-
tirth percentile and greater. there s Iittle under- or overestimation using the predicion methodology

Q= Abdomen ek

STarget girth = F o+ 1323

For example. tor a group ot men (or an individual) with an AG ot 89.7
cm. body mass of 85.5 kg, and stature of 1.876 m. the quotient £ is (85.5/
1.876) = 6.751. This value is then multiplied by the Q value at the desired
pereent BE (13,23 at the ainety-fifth percentile that corresponds to a desired
percent BE ot 19,1 percent: Table 8-1) to vield a target AG of 844 ¢m.

TABLE 8-2  Source Data for 1 482 UL.S. Army Aviators

Percentile

i S 28 30 75 95 99

A nvedrs) 19 6 20.7 222 245 28.7 375 443
Mass the S8 X 6f) 4 Hhy o 773 X4 U Qs 9 j04.3
I 5653 SRK2 h 327 6.654 6973 7411 7.729
Pereent tut SR 71 137 17.2 208 237 26.2
Abdomen tcon 7008 735 8.4 K69 929 101.7 108.9
Q 252 [2.560 1278 13.06 1333 1372 14.09
Farget gith? rem) 4N R4 %44 X&) 929 98.0 102.3

“F = thody mass [kgi/height fmh A median height of 1.746 m was used in calculations

tor cach of the percentife distributions
"Q = Ahdomen en/k
arpet garth cemy = F o« 1323
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122 FRANK T KALCH
TABLE 8-3  Source Data tor 1.357 ULS. Air Force Enlisted Women

Percentile

I S 25 S0 75 us 99

Age tvearsy X0 182 9.0 iv.Y 212 256 BRI
My thyy 437 46.0 521 S6.7 61.2 688 76.1
b 3200 5335 8678 Sy 6154 AT 6.862
Q It on 1118 1.1s 1149 113 1160 [1.89
Q 1367 P3ul 1312 1428 11,41 1474 1510
Percent tat [N 172 242 286 322 A7 42.6
Woatst com ST 7 SY S 63} Hty 3 06 755 Ki.6
Ahdonmen extension tomy it 743 R0 hE R b 960 1036
Larget irth® conn 74 T6H0 %09 833 %77 928 97 R

1~ ibody mass fkePheghe fmly o Height at the titneth pereentile was Lolo m, which

was used tor cach of the percennle distmbutions. The sample was Cancasian o = 12160 Black
tn T3 and other o = Ty

Q- WansttamyF

Q= Abdomen extension remf

STarget girth cemy o Foe 1328

« Step 2 Excess AG i computed as the measured AG (89,7 ¢moin the
above example) minus the target AG at the fifticth pereentile of ®4.4 om
from Step 1. The 5.3 cm difference (89.7 cmominus 844 ¢ s the excess
AG. The objective s straightforward: try to attain the target AG that corre-
sponds 1o the desired percent BE. In this example. the predetermined.
desired level tor pereent BE was chosen as 19,1 percent.

An important consideration with the new approach s to decide on the
target or desired level of percent BF. 1 different pereentile values are used
for percent Bl then different Q values must be apphied in Step 1.

The AG Method During Body Mass Losy by Exercise Plus Dict

Table 8-4 shows the application of the AG method to tour obese men
and four obese women who reduced their body mass by an average of 20.5
kg an experiments that involved 1 hour daily of cycling and walk-jog cver-
Cises over a 6-month period coupled with mild dictary restniction (Kateh
and Katch, 1984y,

The results of the analvses based on densitom try 1o estimate pereent
BF and anthropometry 1o measure the change in AG (AAGY were remark-
able for this relatively small sample of subjects. For the men and women ot
the same age. change in body mass (ABM) divided by A4G was almost
rdentical for the first two tests (108 for men and 1.09 for women). These
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TABLE 8-4  Application During Weight Reduction in Obese Men and
Women

Test Percent
No My F FoxQ AG AG - o QVAG BF Mass/AGH

Subject 12 man. age 5% vears, herght 18344 m

! 5SS 6804 9| 955 57 273

2 X 6.508 %61 88 6 2y 19.v 1.07
B 74.6 6.360) hEN| R3I X 0.4 1%.0 0.734
4 74 6373 X423 RS2 1.0 16.0 0.21

Subject 20 man, age 28 vears, height 1.772 m

| L TN 4933 100 4 7.1 225
2 RO 6 6744 R4 2 931 4.4 183 Io6
3 TR 6,545 KOO hUR 3 14.% 122
Subject 3w 2 82 vears, height 1784 m
I s Tz B RIO 20 228
? X212 6 7NN "~ LAY 2.2 17.6 1.0
3 Tul (Y by | X3 X Y 161 1.060)
3 RN I %76 8402 1.0 14.0 122
Subject 3 man. aee 46 vears, heighe 1.7900m
132 X361 I 1322 76 W2
2 RERS TN jrix yu 7 4.1 2T bir
Subjecr S owoman. age 29 vearss height 1702 m
| PI7x N A 1186 Prrs R3] 438
N R R 102 122 (2 15 7 IR
Subject H owoman, gee A vears hoght ToROm
! N1 TR 1004 jird 1N 4200
N (SR SRR b AU 0 2x0 115
Stbgect Towoman, ave 37 years, heght 13917 m
1 RN THT0 1oy g 107 6 1.7 BRI
2 19 6Hn 722 RNV NX 2 b RN T2
Subject X woman, age S5 veais height 1625 m
J 0L TOSNUN 1OK 3 177K IS 3 488
2 B H6H1Y 913 1058 (RO 57 m

NOTE - F o= tbody mass (ke| heeht fmb 0 Q = g constant AG - abdomimat guth, B
body bt

SRatio of Chanee e mass o chanee i A tor Test Eversus Test 202 versus 30 8 versos
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ratios ndicated that the basic assumptions of the current analyses were
vahid because a ratio of 100 would signify a precise correspondence be-
tween ABM and AAG. Both groups reduced nearly the same amount in their
AG (men, 13.7 percent: women. 14.6 percent): the women, however, re-
duced their percent BF to a greater extent (11.0 percent BF units) compared
to the men (7.9 percent BF units). This difference probably occurred be-
cause the women had a higher initial percent BF (45.0 percent by densitom-
etry) compared to the men (29.7 percent). The women also lost 5.5 kg more
body mass than did the men.

An important consideration is the extent of agreement between the mea-
sured AG and the predicted AG using F x Q at the desired percent BF. For
the nitial measurements. the correspondence between the measured and
target AG would not be congruent because the subjects were all obese.
However. as they begin to reduce body mass, percent BF. and AG. the
relationship between the target and measured AG should converge. Inspec-
tion of the individual data indicated that this did occur during Tests 1 and 2
except for Subjects 3 and 7. Male Subjects 1 and 2 were model subjects to
iltustrate the continued dectine of the measured minus predicted AG as time
progressed. For the tirst two tests, the percent changes in AG for the group.,
capressed s (AG minus F x Qi/AG. decreased in the predicted pattern (men
from 5.6 percent to 3.4 percent: women from 6.9 pereent to 4.9 percent).
For Subjects 1 and 3 who were measured 4 times, there was a slight in-
crease in the percent changes in AG. probably because there were no further
decreases in BM or AG. and they achieved their target AG and desired
percent BEC This also was true for Subjects 2 and 6. For the fatter, her
target and measured AG coincided at just about the desired level for percent
BE. For the remaiming subjects. there were diserepancies between the target
and measured AG. Although the measured AG actually became smaller
than the target AG. pereent BE remuained above the desired levels detined
by the gender-specitic Q values. Either there were small errors in the AG
measurements, or the group Q values need refinement.

Ihe AG Method During Bodvy Mass Loxs by Diet Only

Recent data made available by A Welunan at the University of Virgin-
1 at Charlottesville shows the application of the AG method in 6 obese men
and 19 women who participated in a controlled hquid-diet weight foss pro-
gram. Table 8-5 shows the changes in body composition tor the women and
men. The sahient features include changes i BM and two AGs cumbilicus
and waist girths ). For women. the value for Q at the fiftueth percentile tor
the waist girth 16 1119 (Table 8-31. The men reduced BM more than the
women (242 Kg versus 193 kg)o as well as waist and umbilicus girths,
percent BE and absolute fat mass. Of interest are the nearly similar gender

A cmta
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TABLE 8-5  Changes in the Body Composition of 19 Obese Women and
6 Obese Men on a Reducing Diet

Women Men
Pre Post Pre Post
Vartable Mean  SD Mean  SD Mean  SD Mean  SD
Body mass kg 921 R0 73t 6.67 1H49 136 907 242
Waist girth ¢Aby) o 937 1w Rag ¥.6K 114.6 K67 944 6.%7
Umbilicus girth ¢ Abyy R 1070 94 ¥ X.68 1208 Y54 Yy 505
fvms )
Hody tat 453 406 354 S04 37.0 414 267 165
Fat mass. ke 2.2 661 260 S4i 427 X400 243 4.61
F AN 6697 7 HYR 706
F e QoAb 4.3 718
Foe QoAb ns o3 us 3 9% Y 878
Facess abdominal girth X 55 R 121
A
Mas A |26 1.20
\I.u\,.\(r'_‘ [ 1.16

NOTES Farwomen, aee - 3% Uvears (SD - 1.3 herght = 163 0 cm oS = 6861 tor men.
avc A3 Dvears oSD = T height = 1796 ¢cm (S = X030 F = omass [kelhaght [mh
tor women. () P19 tor Ab, and Q = 1425 jor Abs dfittieth percentile tor milnars dava in
Fable & 3 tor men. 0 1236 tar Abs cirdteth percentile for melitany data m Yable 8 1)
Brcess W0 B Q munus measured VG Mass/ G = BMY 460 Body fat was estumuited trom
densitometrs with contection tor residual volume

SOURCE Data courtesy of A0 Weltman, Department of Physacal Fducaton: BExeraise
Plivsiology Fab Unversiny of Virgima, Charlottessille, Virgima, 19910 Used by permussion

ABM AAG For women, the ABM AAG, iy 1.260 and the ABM AAG.
PR For men, the ABM AAG, s 1.200 and the ABM AAG, s F.16. Such
results provide additional corroborative evidence for the close correspon-
dence between mean ABM relative to mean AG (ABM 14G). However. a
ditterent pattern emerges when the ABM AAG is computed for individuals.

Figure 8-1 shows the results of the simple regression analysis (with 90
percent contidence bandsy tor the ABM AAG for 19 women (top) and 6
men (hottom). The important result is that for men and women. the associa-
ton is strongest between change in waist girth (abd ) and change in BM
(- =74 for abd,. and r- = ¥& for abd,). While the results for ABM. 4G,
tor men 1s encouraging. the sample size s really too small for meaning-
tul interpretations. and more data are required for confirmation. What can
be stated with some confidence at this point is that the change i fat content
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FIGURE X 1 Regression anabysis tor the change i two abhdomimal girths plotted as
afunction of change m hody mass tor temale ttopy and iate chottonm subjects. The

90 percent contidence bands are shown for the slope of the cegression hine

at the abdommal site as measured by change in AG paraliels. in general. the
overall change in BM that occurs due to caloric restriction plus exercise or
by caloric restriction alone.

The main requirement in future experiments should be to secure large
samples tason the military anthropometric studiesy and include subjects of
diverse body composition. A large data base that includes complimentary
anthropometric data and a critenon measure of BE would pernut & more
accurate determination of the Q constants used in Step 1 tor ditferent levels
of BF. Tt would also be desirable to secure anthropometrie data and criteri-
on BE measures during BM loss. These data would allow tor the validation
of the Q constants with changes in body composition,
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In summary, the objective tor individuals who need to reduce their
pereent BE would be to try and attain a target AG. If excess girth is not too
large, attiinment ot the target AG should coincide with an a priori deter-
mined level of percent BE. However, if the excess AG is considerable. then
the target AG becomes a “first approximation”™ with BM loss. and a further
body composition evaluation 1s required to ensure congruence with the de-
sired percent BE. It individuals can reduce their excess AG by bringing
their AG in line with the target AG. their pereent BF should coincide with
the desired level of BF. The latter, however. is difficult to ascertain be-
cause one must define what in fact 1s normal or acceptabic percent BE in
relationship 1o age. This problem is further influenced by such tactors as
physical condition (varving trom sedentary to very physically active) and
race.

THE BODY PROFILE:
AN ENHANCEMENT OF THE SOMATOGRAM

The concept of the somatogram (SOM) was established by Behnke et
al. (1959) 1o describe body shape expressed in percentage deviation units
from reference standards developed from military and civilian large-scale
anthropometric survevs (Hertzburg et al.. 1963: O Brien and Shelton, 1941
Weltham and Behnke. 1942). The basis of the SOM is the translation be-
tween a squared natrix of 12 girths and the previously described body size
module £ (square oot of the quantity body mass in kg divided by stature in
decimeters)! into a graphic description of the percentage deviations from
the reference standard.

To construct the SOM. cach of 12 girths (¢} are divided by their propor-
tionahity constants (k) to obtain a deviation (d) score (d = g/k). The k
constant v computed as ¢:D. where D equals the sum of the g vaiues divid-
cd by 100, The SOM presents the percentage deviation of each ¢ quotient
from D. This graphic approach has been used to show changes in body size
during growth and development (Huenemann et al.. 1974; Katch, 1985a). to
depict progressive changes in overall body shape with aging (Behnke, 1963,
1969, and to describe gender differences in athletic groups (Behnke. 1963,
1968 Katch, 1985h: Katch and Katch, 1984). The SOM approach jias iiow
been enhanced. and the technique s referred to as the body profile, or maore
specitically. the ponderal SOM (P, (Katch et al.. 1987).

The SOM analysis did not permit translation of girth size into a volume
or weight entity that relates to the body as a whole. The original SOM also
did not differentiate between muscular and nonmuscular arcas of the bodv:

1 .
“Note that tor the SOM concept. stature an decimeters replaces stature i meters i the
calculation of F
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thus. nonmuscular girths such as the abdomen and hips were integrated with
muscular parts such as the flexed biceps. thigh, and calf. Because the
deviation of each J from D is based on the matrix of girths, each g is in fact
related 1o itself because it is part of D, Although this discrepancy is proba-
bly of minor importance to the graphic representation of body shape, it still
does not permit a clear-cut separation of the muscular and nonmuscular
components.

The body profile is an extension of the SOM. Girth measures are
converted to ponderal equivalent weight values. The matrix of girths can be
separated into muscular and nonmuscular components and compared as mass
equivalents. In this paper. the P, is presented for a world champion male
body builder where there is excessive muscular development. especially in
the biceps. chest, and shoulders.

Original Somatogram Calculations

The lett side of Table 8-6 lists the measurements and k constants for the
reference man and woman (Behnke et al., 1978). To calculate SOM, each
girth (g) is divided by k to obtain a ratio referred to as d (d = g/k). The
reference value is then computed as 22, where D is the sum of the girths (D
= % girths) divided by the sum of the k values (¥ k = 100). The graphic
representation of body shape is a plot of the percentage deviation of cach d
from D (percent deviation = {d — D}/D). 1t an individual's measurements
conformed precisely to the reference values. there would be no deviations.
and the SOM would plot as a vertical line. An exampie of a SOM for a 40-
year-old man is shown in the left side of Figure 8-2. For a biceps of 40.2
cmoand D = 6.771(X 11 g/100). d for the biceps is 7.60 (d = 40.2/5.29),
where 5.29 is the k(biceps) value for the reference man listed in Table £-6.
Expressed as a deviation from D, d(biceps) is 12.2 percent larger ([7.600
minus 6.77}/6.771) multiplied by 100, and is plotted on the somatogram as
+12.2 to the right of the zero axis. The d values for the other girths are

plotted «n a similar fashion.

Ponderal Somatogram Calculation

The right side of Table 8-6 lists the constants to calculate the P,
There are two components: (1) ponderal equivaient muscular component
(PE,;). which includes the shoulder, chest, biceps. forearm, thigh, and calf.
and (2) ponderal equivalent noamuscular component (PE_,,). which in-
cludes two AG measures and their average. as well as hips. knee, wrist, and
ankle.

The constants for the individual girths are calculated from the data of

the reference man and woman as k = g/F. where ¢ = individual girth in cm.
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TABLE 8-6 Measurements and Proportionality Constants for the
Reference Man and Woman, and Conversion of Anthropometric Girths
into Ponderal Equivalents

Origingl Somatogram* Ponderal Somatogram”
Reference Reference Reference Reference
Man Woman Min Woman

Varjablc CGhrth k Girth k k k

Muscular component

(PEy?

Shoulders 108 18.47 97.4 17.51 55.40 52.59
Chest 918 15.30 82.5 14.85 45.90 44.55
Riceps L7 5.29 26.7 4.80 1585 14.42
Forearm 26.9 447 23 415 13.45 1247
Thigh 548 9.13 558 10.03 27.40 30.13
Calf S8 5.97 3.1 6.13 17.90 18.41

Total 175.90 172.57

Non-muscular component

(PE )

Abdomen | 77.0 12.84 65.6 11.83 38.50 35.42
Abdomen 2 798 13.30 77.8 13.95 39.90 42.00
Abdomen

averuge T84 13.07 71.7 12.90 39.20 IR.71
Hips vl g4 1557 942 16,93 46.70 50.86
Knee 36.6 6.10 349 6.27 18.30 18.84
Wrist 17.3 2.K8 15.2 2.73 ®.65 R.21
Ankle 228 RIA 20.6 3.70 11.28 112

Total 600 100 556 100 124,10 127.74

NOTE: For the reterence man, mean age = 21.0 vears, median weight = 69.6 kg. median
stature = 17,30 dm, and F = 2.000. For the reference woman. mican age = 11 years, median
werght = 56.2 kg, median stature = 1638 dm, and £ = 1.852.

“Original data from Behnke et al. (1959).

"Origanal data from Behnke et al. (1963) as modified in Katch et al. (1987).

fPonderal equivalent muscular component.

Yponderal equivalent nonmuscular component

and F = the square root of the reference man and woman median weight in
kg divided by reference man and woman median stature in dm. For the
reference man, the value for F is 2.000; for the reference woman F is 1.852
(Behnke ct al.. 1978).

The ponderal cquivalent (PE), expressed in kg for each girth. is com-
puted as the square of the quotient g/k muitiplied by stature in dm. For
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FIGURE 8-2 Lefr. Original somatogram (SOM). There is no distinction between
muscular and aonmuscular components. Scores within a range of +2 percentage
deviations from the zero reference hine are considered to be within normal Timits of
varigtion compared with the reterence man and woman standards. Righr. Ponderal
somatogram (Pe gy for @ 35-year-old world champion body builder with extraordi-
nary upper body development. The largest deviations are 88.6 percent for the bi-
ceps. 62.8 percent tor the chest. and 58.8 percent for the shoulders.

example, the PE for the shoulders for the reference man is (g/k)” multiplied
by stature or (110.8/55.4)° x 17.4 = 69.6 kg. For the reference man, the PE
values for all of the girths are identical to the reference median weight of
69.6 kg: the same is true for the reference woman. All of the PE values for
the pirths are identical to the reference woman median weight of 56.2 kg.
For the reference models, the deviations of each PE from their respective
standards are necessarily zero because there is no deviation from group
svinmetry (the reference values represent the standard).

A unique aspect of the P, 1s the calculation of the o values. In the
original SOM. it was not possible to separate the muscular from the non-
muscular girths because 1 was calculated as the sum of all the girths/100.
Thus. a particular  value was related to the sum of the girths that included
that particular girth.

This complication is avowded in the Py, by comparing the PE, girth
values with the average of the PE,,; values. and vice versa. There will no
be exact numerical equivalency between the total (cm/k)° multiplied by
stature and the average of the PE values because of differences in propor-
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tionality between the reference man and woman. and among individuals or
groups of individuals. For the P, in Figure 8-2. the specific k values
were from the P, listed in Table 8-6.

In summary, the original Behnke SOM to quantify body shape is a valid
approach (Sinning and Moore. 1989) for partitioning a matrix of girths into
PE,, and PE,,, components that can be related to the body as a whole. In
male body builders, for example. excess muscular development appears to
predominate in the biceps without compensatory hypertrophy in the lower
limbs. Even at the extremes, which includes the massively obese as well as
diminutive and large adolescents (Katch et al., 1987), there appears 1o be a
fundamental. intrinsic association between an individual’s body weight and
the squared matrix ot girths multiplied by stature.  Such relationships have
usctul chinical and research applications for the study of obesity and its
refationship to growth and development, as well as various facets of human
performance. The next section explores some of these relationships to mus-
cular strength.

SOME RELATIONSHIPS TO DYNAMIC MUSCULAR STRENGTH

Traditional views suggest that an individual’s body size is directly re-
lated to muscular strength. However. there are conflicting data concerning
the relationships amongz muscular strength and various measures of body
size. including fimb dimensional characteristics. Some studies report corre-
lattons of » = .61 to .96 among strength and body size and limb dimensions
(Clarkson et al.. 1982 Tkai and Fukunaga, 1968: Nygaard et al.. 1983: Sale
et al. 1987 Schants et al.. 1983 Tappen. 1950: Tsunoda et al.. 1985:;
Young etal.. 1982y 1t s likely, however, that these correlations are spuri-
ously inflated because subsets of samples are included that combined men
with women and trained with untrained subjects of different ages. In con-
trast, other studies report correlations of r = -0.25 to 0.52 among body size
variables and muscular strength (Cureton, 1947 Ergen et al., 1983; Katch
and Michael, 19723 Smith and Royee, 1963 Watson and O'Donovan, 1977).
Such results suggest that additional factors. such as muscle fiber type. neu-
ral control of torce production. and biomechanical alignment of muscles
and jomnt levers. help to explain a greater proportion of the variance in
strength.

In a recent study (Hortobagyi et al.. 1990, the relationship was exam-
incd between individual differences in muscular strength versus body size.
body shape. limb volume. muscle plus bone cross-secrional area. and the
Pioye This study was done with two homogencous groups using a statisti-
cal approach that avoided the confounding influence of individual difter-
cnces i age. gender, and training status,
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Experimental Procedures

The subjects were 42 Caucasian men from physical activity classes at
the University of Massachusetts. Two different test protocols were used to
assess muscular strength:

* Bench press (BP) and squat (SQ) were measured with an isokinetic
dynamomeier during three sets of two repetitions for BP and three sets of
three repetitions tor SQ. There was a I-minute rest between each set, and
approximately a 3-second pause between repetitions.

» BP and knee extension (KE) were measured with a hydraulic dyna-
mometer. Subjects performed one set of five continuous repetitions for the
seated BP and right KE. Based on the strength scores. subjects were placed
into high strength (HS) and low strength (LS) groups by converting each of
the four measures of strength into Z-scores that were then averaged and
ranked. The Z-score procedure was used to characterize muscular “strength™
as an overall component without weighting of the strength measures.

Anthropometric Assessment
The measurements included six fatfolds, 11 girths, and two segment
lengths.
Calculations
Muscle plus bone cross-sectional area for the biceps (MCSAy) was
calculated as:

MCSA, = m(r - [BiFF + TrFF]j4)?. (1]
where r is the radius of the upper arm calculated from biceps girth. BiFF is
biceps fatfold. and TrFF is triceps tatfold.

Muscle plus bone cross-sectional area for the thigh (MCSAL,) was
estimated as:

MCSA,, =m (r - [ThFF1/2)® . (2]

where r is radius of the thigh and ThFF is thigh fatfold.
The volume of the upper arm and thigh was estimated as:

Volume = mh/3 (R/21 + rY21 + R, [3]

where A is the length of the upper arm or thigh in cm. R is upper arm or
thigh girth, and r is elbow or knee girth.
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FFM (fat-free mass) was predicted by the method of Wilmore and Be-
hnke (1969), where FFM = 1.088BM + 44.6 — 0.74 (AG); BM is body mass in
kg. and AG is abdominal girth (umbilicus) in cm. Body shape was de-
scribed by the Py, outlined in the previous section.

For the statistics, a priori and postmortem sample size estimations using
Cohen’s Case 2 formula with an alpha level of 0.05 and power of 0.80
required a minimum sample size of 12 subjects per group. The a priori
effect size was a 25 percent difference between HS and LS in muscular
strength. The final sample size (n = 21 per group) was nearly twice that
required.

Between-group differences for single pairs of variables were evaluated
with a two-tailed independent r-test. A one-way multivariate analysis of
variance (MANOVA) was used to compute the differences between the two
groups in the overall Py, and pairs of various dependent variables. If the
Hotelling's T+ value was significant, a two-tailed independent s-test was
used for pairwise contrasts with an adjusted confidence level. Pearson
product-moment correlations were computed among selected variables, and
the differences in correlations between the groups were compared by -
transformation.

Results

As expected. HS had significantly greater strength for isokinetic 5Q
(21.1 percent), BP (23.3 percent), hydraulic BP (16.7 percent). and hydrau-
lic KE (24.2 percent).

Anthropometry

There were no significant differences between HS and LS for age (1.5
percent), stature (2.2 percent), or sum of six fatfolds. In contrast. there
were significant differences between HS and LS in BM (6.9 percent: p <
0.05), FFM (6.6 percent. p < 0.01), and 11 girths. For the girths, applying
the pairwise follow-up, 7 of the 1i girths were significantly larger for HS.
including the shoulders (3 percent). chest (4.4 percent: p < 0.05), biceps
(5.6 percent). forearm (5.9 percent). knees (4.5 percent: p < 0.05), wrists
(4.0 percent: p < 0.001), ankles (7.7 percent: p < 0.01). and sum of 11 girths
(3.6 percent ; p < 0.01). There were no significant differences in thigh or
calt girths (~3.0 percent).

There were differences between HS and LS in thigh volume (13.2 per-
cent; p < 0.01) and upper arm volume (7.2 percent: p < (1.05). HS had a 14.8
percent greater MCSAL (p < 0.001) and 13.8 percent greater MCSA
than LS (p < 0.05). The mean values for thigh length were significantly
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134 FRANK | KATCH

different between HS (41.7 cm) and LS (39.9 ¢m). but not for upper arm
length (17.9 ¢m for HS versus 18.3 ¢m for LS).

There were significant differences in the P, between HS and LS.
The sum of the muscular components (shoulders. chest. biceps, torearm,
thigh. calt) was also signiticantly farger by 2.8 percent for HS. In addition.
the sum of the five nonmuscular components (abdomen. hips, knee, wrist.
ankle) was significantly larger by 10.1 percent for HS.

The percent deviations for the PE,; from the PE,,, for P, varied
from 0.4 percent (thigh) to 12.3 percent (bhiceps) for the PE,, for LS. 10
minus 1.8 to 16.0 percent for HS. The deviations of the PE_,, from PE,,
ranged from minus 11.7 to 2.2 percent for LS. and minus 8.9 1o minus 1.%
percent for HS. None of the between-group comparisons were signiti-
cant.

Correlations

Table 8-7 presents the intercorrelations between strength, BM. FFM,
tatfolds, limb volume. and limb CSA for the total sample and the two
subsamples. For HS and LS. all of the r values were less than r = 0.56.
There were no significant differences in any of the r values between HS and
LS. The observed r values between BM and the four measures of strength
averaged r = 0.23 (p > 0.05) for HS and LS: they did not increase signifi-
cantly and were not significantly higher after applying the Guiltord correc-
tion for restriction of range (r_ = 0.30: p > 0.05). The r values between
limb volume and the strength measures averaged r = 0.31 and r_ = 0.41 (p >
0.05). The corresponding r values for estumated FFM versus strength were
r=027and r_=0.33 (p > 0.05). Similarly. low correfations were obtained
tfor the comparisons of MCSA versus strength (# = 0.43 and »_ = 0.59: p <
0.05). and for the sum of six fatfolds versus strength (r = 0.27 versus r_ =
0.36: p > 0.05). Thus. the observed » values between strength and anthro-
pometry averaged r = 0.30. and the average corrected r values increased
slightly to only 7 = 0.40 (p > 0.05).

It was postulated that subjects classitied as high and low strength would
shed hight on the relationship between size and strength.  In the studies
where the average r between estimates of strength and BM and estimates of
strength and muscle size exceeded r 2 080, 1t is hikely that these r values
were spuriousty inflated due to at least tive factors:

 large individual varistions i body size and physique among compari-

SON gEroups,

« combining men aad somen an the salient comparisons,

o muinghing tramned and untratned subjects,

* pooling voung and old subjects 1 the data analyses, and
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» using the mean value to correlate strength and body size for ninc
different sport groups, rather than using the data of individuals for each
group.

Thus, the moderate to high r values were probably generated because of a
“range of talent” effect in body size and physique, gender. training status,
and age.  In studies that used more homogencous samples, lower r values
averaging r < 0.60 were reported between strength, BM. and FFM in men
and women. The low r values observed in the present study support these
latter findings.

In the present data. the r values were all low between BM and muscular
strength regardless of strength level (# = 0.29 for HS. and »r = ~0.12 for LS)
or between estimated FFM and strength (r = 0.33 for HS, and r = -0.07 for
I.S: Table 8-7). There also was no improvement in the r values when arm
or leg strength was related to muscle CSA (average r = 0.38 for HS. and r =
(.27 for LS) or to segmental volume (» = 0.12 for HS. and » = 0.27 for LS).

Additional comparisons between HS and LS revealed some interesting
findings. For the girth comparisons between the groups. 7 of 11 girths were
significantly larger for HS than LS (range 3.0 to 7.7 percent). Also. thigh
and calf girth did not differ significantly between HS and LS, but the non-
muscular knee and ankle girths of the lower body did. Perhaps HS subjects
had a propensiuty for upper body development that produced the significant-
Iv larger muscular upper body components.

The relationship among the P,,, and the various expressions of muscu-
lar strength revealed that the PE (ponderal equivalents) for HS and LS
showed identical patterns: that is, the same sites for girths and PE were
different between HS and LS. Such data support the intrinsic validity of
Psom:

In summary. the present data illustrate the relative independence of
individual differences in strength and measures of anthropometry and body
composition. Thus, other factors must be responsible for explaining the
approximately 21 percent difference in muscular strength between HS and
LS. Large individuals were not superior in overall muscular strength com-
pared to their counterparts of smaller body size and shape. Such differenc-
es in strength cannot be explained by individual differences in girths, fat-
folds, CSA. segmental volume, or Pg,,,. The present conclusions may not
apply to groups of highly trained individuals with extreme muscular devel-
opment and strength. Factors other than muscle size alone. for example,
neural and/or muscie and joint mechanical properties, may play at least an
equally important role in explaining individual differences in muscular strength.
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Associations Among Body
Composition, Physical Fitness,
and Injury in Men and Women

Army Trainees

Bruce H. Jones. Matthew W. Bovee, und Joseph J. Knupik

INTRODUCTION

Policies regulating the body composition of men and women in the
military service are a matter of ongoing interest to the U.S. Army. Body
composition is considered to be a component of a soldier’s physical fitness.
and in the Army’s view, obesity is associated with being unfit and “unsol-
dierly.” This association is important because physical fitness is an essen-
tal component of military readiness for combat.  To be prepared for its
combat mission. the Army attempts to select individuals with the fitness
and stamina to endure the rigors of Army training and combat.  Simply
selecting fit men and women is not adequate, however. because physical
training is necessary to both develop and maintain the fitness of soldiers.
For physical training to be effective. however, it must overload cardiovas-
cular and musculoskeletal systems. This overloading entails a risk of mus-
culoskeletal injury. Thus an understanding of the interactions among body
composition. physical fitness, training. and injuries is an essential founda-
tron for policies governing both body composition and physical fitness.

In the following hackground material. the links between body compost-
tion and physical fitness made in Army regulations and policy will be re-
viewed. and components of physical fitness deemed to be essential to the
Army s mission will be enumerated. The assumption that body composition
reflects an individual's physical fitness will be explored. Also, the interac-
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tions between fitness, training, and injuries will be examined. Following this
background material. the results of two recent Army studies will be presented.

Individuals with a wide range in body fat (BF) volunteer to join the
Army annually, but not all are accepted for service. Because the Army is
concerned about the fitness of enlictees, some volunteers are medically dis-
yualified solely on the basis of their height and weight before entering the
service, the presumption being that they are not physically fit enough to be
enlisted (Friedl, chapter 3). Army standards for medical fitness are set forth
in Army Regulation (AR) 40-501 (1987), which contains tables of accept-
able heights and weights for enlistment in the Army. On the basis of these
height-weight standards. only about 5 percent of eligible men in the United
States would be excluded from service in the Army. In contrast, over 30
percent of otherwise eligible women would be excluded (Friedl et al. 1989).

In addition to height-weight standards. the Army also has a weight
control program that defines acceptable percentages of BF for individuals
who fail to meet the height-weight standards after enlistment (Army Regu-
lation 600-9: U.S. Army, 1986). The two primary stated purposes of the
Army weight control program are to ensure that soldiers are adequately
physically fit to accomplish their combat mission and that they present “a
trim military appearance.”

Because of its demand for physically fit soldiers, the Army has a pro-
gram of physical fitness, which is defined in Army Regulation 350-15 (AR
350-15; U.S. Army, 1989). The objectives of this program are to enhance
combat readiness by developing and maintaining high levels of physical
fitness in all soldiers as measured by cardiorespiratory and muscular endur-
ance, muscle strength, flexibility, anaerobic performance. competitive spir-
it. self-discipline. and BF composition. The emphasis on physical fitness in
both the selection and retention process seems appropriate because soldiers
must have cnough stamina and strength to perform a wide variety of physi-
cally demanding tasks such as marching with loads, digging fox holes.
scaling walls, and loading artillery shells.

Physical fitness and appropriate body composition are achieved and
maintained through physical training. The Army’s program of physical
fitness training is described in Army Field Manual 21-20 (FM 21-20; U.S.
Department of the Army, 1985). The manual lists five components of
fitness the program strives to develop:

+ cardiorespiratory endurance:

* strength;

* muscle endurance:

+ flexibility: and

» body composition, which includes lean body mass and fat mass and
which 15 affected by the other companents of fitness.
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Army doctrine links physical fitness, weight control, body composition,
and physical training. Regulations regarding physical fitness and training in-
dicate that body composition is simply a subcomponent of fitness (U.S. De-
partment of the Army, 1985, 1989). Even the weight control regulation (AR
600-9) states that its primary objective is physical fitness. For this reason.
before policies on the issue are decided. it is important to assess the degree to
which body composition influences the other components of physical titness.

Injuries are another important consideration. Soldiers disabled by inju-
ry are less able to pe-form their regular duties even if they are otherwise
highly physically fit. In a sense, injury-prone soldiers are less physically fit
than those who are able to continuously perform their duties. Training- and
activity-related injuries are a matter of concern to the military not only
because they limit the function of individual soldiers, hut because they
impinge on the combat readiness of entire units when their incidence 1s
even moderately high.

Existing data indicate that the incidence of training-related injuries is
high especially during basic training (Bensel and Kish, 1983; Cowan et ai.,
198%; Jones et al., 1988; Kowal, 1980). One report (Tomlinson et al., 1987)
indicates that training-related injury rates are high among active duty sol-
diers as well. The majority of these injuries are overuse conditions of the
lower extremities, which arise directly from Army training or sports activi-
ties that the Army encourages (Jones, 1983; Tomlinson et al., 1987). His-
torical data also indicate that musculoskeletal injuries similar to those
seen in training are a common cause of morbidity even during wartime
(Reister. 1975).

In exploring body composition as an indicator of fitness, it is importan:
to examine the relationship of body composition not only to components of
fitness listed in the Army fitness and training documents but also to injury.
Scientific literature on the interrelationships among body composition. physical
fitness. training, and injury will be explored next. In these studies body
composition 1s measured by either percent BF or body mass index (BMI).

It is well accepted by both military (Jette et al., 1990; Vogel and Friedl.
chapter 6) and civilian (Buskirk and Taylor, 1957; Cureton et al., 1979
Miller and Blyth. 1955) authorities that increased BF is associated with
decreased weight-bearing endurance performance. Also, performance of
other physical activities and exercises are negatively affected by higher
levels of BF (Cureton et al., 197" Jette et al., 1990: Vogel and Friedl,
chapter 6). Despite their significance. the correlations between percent BF
or BMI and other measures of physical fitness are low. Body composition
cxplains only 5 to 30 percent of the variance in endurance performance
measured by maximum oxygen uptake or timed run distance and even less
of other tactors. such as sit-ups. push-ups, or vertical jumps (Curcton et al..
1979; Jette et al.. 1990; Vogel and Friedl. in press).
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It 15 also well established that there is a dose response relationship
between increased training volume and increased risk of injury (Koplan et
al., 1985: Powell et al., 1986). Several studies have documented that higher
amounts of training—especially higher running mileage—are associated with
higher injury rates (Blair et al., 1987: Koplan et al., 1982; Macera et al..
1989a,b; Marti et al., 1988; Pollock et al.. 1977). With the exception of
volume of training, other risk factors for injury associated with physical
training have not been clearly established.

Physical fitness and body composition are suspected to affect the risks
of injury during physical activity for civilians and military personnel (Bensel,
1976: Cowan et al.. 1988: Jones. 1983; Koplan et al.. 1985; Macera et al..
1989a), but the exact nature of that relationship has not been clearly estab-
lished. Another possible risk factor of importance to the military that may
be associated with both fitness and body composition is gender. During
basic training the incidence of injury for women has consistently been high-
er than that for men (Bensel and Kish, 1983: Kowal. 1980), but civilian
studies have not identified gender as a risk factor (Koplan et al., 1982:
Macera et al.. 1989a.b).

TWO ARMY STUDIES OF
BODY COMPOSITION, FITNESS, AND INJURY

Rational decisions regarding Army policy on fitness, fatiess. and training
are best made when based on data from military populations. As a founda-
tion for decision making. this paper will examine data from two epidemio-
logic studies of male and female Army trainees that were conducted by the
U.S. Army Research Institute of Environmental Medicine and that provide
further insight into the following areas:

« the relationship of percent BF and BMI with physical fitness and
their relative importance as predictors of physical fitness in male and fe-
male Army trainees:

« the degree of association of percent BF and BMI with risks of training-
related injuries in men and women:

« the degree of association between physical fitness and risks of injury
in men and women:

 the degree of association between past physical activity or training
and current risks of injury;

+ the relative importance of different parameters of body composition,
physical fitness, and physical training (activity) on risks of injury using a
multivariate model: and

» the implications of the above determinations for screening. selecting,
and training military personnel.
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Methods

The two studies described below were prospective follow-up studies of
initial entry trainees. Both were conducted at Fort Jackson. South Carolina.
One was completed in 1984 and the other in 1988, and both followed train-
ees through the full course of the 8-week basic training cycle.

Subjects

In 1984 potential volunteers were all trainees coming to the Fort Jack-
son reception station on one weekend. Ninety-nine percent volunteered to
participate. In 1988 volunteers were solicited from all women being pro-
cessed at the Fort Jackson reception station during 1 month. Male volun-
teers were recruited from men destined to be assigned to companies in the
same oattalions as the female volunteers during the same 1-month period.
The volunteer rate from the second group in 1988 was 92 percent in this
group.

The 1984 data are from a population of 310 trainees (124 men and 186
women). The 1988 data are from three training battalions, a total of 2,245
trainees (1,349 men and 896 women). Because not all trainees in either
study were able to take all portions of the testing due to scheduling con-
tlicts or assignment to other duties, the number of subjects was not identical
in all portions of the analysis. Also. roughly 5 percent of men and 7 percent
of women trainees were lost from follow-up due to discharge from the
Army or transfer to another unit. Both studies were conducted in two
phases: a prescreening phase. which consisted of a series of body composi-
tion and physical fitness measures along with a questionnaire, and a follow-
up phase. which included a medical records review.

Both studies used a similar series of prescreening measures including
height. weight. percent body fat (BF), body mass index (BMI), a health and
fitness questionnaire. and Army physical fitness test results. Prescreening
measures were made on all individuals over a period of | or 2 days, with
the exception of physical fitness tests. Prior to screening, trainees were
informed of the nature of the study. Those who volunteered signed a con-
sent form. immediately after which they were screened and given the ques-
tionnatre.  Follow-up consisted of medical records review and documenta-
tion of training.

Prescreening Measures

At Fort Jackson in 1984, BF was estimated from four skinfold measure-
ments using the equations of Durnin and Womersley (1974). For the 1988
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study. circumference measures were used to estimate percent BF (separate
sites and equations for men and women as specified in Army Regulation
600-9; U.S. Army, 1986). BMI for both men and women was calculated as
weight divided by height squared.

Physical fitness was assessed with the Army physical fitness test, which
was taken within the first 3 days of the onset of basic training. Measures
taken were 1-mile run or 2-mile run times and the number of sit-ups and
push-ups performed in a 2-minute time period. Entire units (companies) ran
either a |- or a 2-mile “diagnostic fitness™ test.

At Fort Jackson in 1984, past physical activity and sports participation
were assessed by a questionnaire delivered to groups of 50 or more recruits.
Each question was read aloud by trained personnel. The primary question
to assess physical activity level prior to entering the Army was: How active
are you compared to others of your age and sex? Subjects were asked to
rate their activity on a 4-point scale from inactive to very active. A similar
yuestion was validated by Washburn et al. (1987).

Total kcals of energy expended in leisure time recreational and sports
activities per week were estimated from questionnaire data. Study partici-
pants were asked to check activities they had done in the last year on a list
of common activities. For each activity checked they were asked to list
how many days per week on average they performed the activity and how
many minutes per performance. The average number of performances per
week was multiplied by the average number of minutes per performance a
subject reported doing an activity in the last 6 months. The number of kcals
per week was attained by multiplying minutes per week by an estimate of
the average number of kcals expended in a specified activity per minute.
All estimates were then summed for each individual. The question was
modeled after the Minnesota Leisure Time Physical Activity questionnaire
(Taylor, 1978).

The 1984 questionnaire also queried trainees about their prior athletic
status (nonathlete = 1. recreational athlete = 2, nonschool team or intramu-
ral athlete = 3, and varsity athlete = 4). The usual energy intensity (kcals
expended per minute) of the trainees” leisure time and sports activity was
also estimated by the investigators and rated on a four point scale (1 =
sedentary. 2 = low, 3 = moderate. and 4 = high). A more extensive ques-
tionnaire was delivered at Fort Jackson in 1988: the analyzed results are
not yet available.

Medical Follow-up

Medical follow-up was achieved by a periodic 100 percent medical
record review of every chart of every study participant. In 1984 a single
records review was conducted during the last week of training. In 1988
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records were reviewed every 2 to 3 weeks. An injury was defined as a sick-
call visit to a troop medical clinic for a musculoskeletal complaint that
received an injury diagnosis by a medical caretaker, usually a physician’s
assistant or a physician.

Physical Training

Physical training was assessed by scrutinizing company training sched-
ules and verbal reports from company cadre in 1984. In 1988 daily training
logs were also used to document training.

Physical training for companies of men or women trainees for a specific
year was similar. In 1984 trainees ran and performed calisthenics 4 10 6
days per week. Men generally started running 1 mile and progressively
increased the distance of runs by about 0.5 mile per run each week up to 3
miles per run. On occasion they may have run 4 or 5 miles at a time near
the end of the training cycle. Women began running distances of 0.5 mile
per run and progressed in distance 0.5 mile per week up to 3 miles per run.
At Fort Jackson in 1988, trainees ran only 3 times per week: otherwise
routine physical training was fairly similar to that in 1984. Both years,
each company of trainees was required to complete a 5- to 10-mile road
march while carrying a light load (20 to 25 pounds |lbs]) in the middle of
the training cycle and another 8- to 12-mile march at the end of the cycle
with a heavier load (40 to 45 Ibs). Every company also conducted training
and ran a time trial on an obstacle course and a confidence course.

Analvsis

Pearson product-moment correlation coefficients were calculated to de-
scribe the relationship between continuous variables such as percent BF.
BMI. and physical fitness measurements (that is, run times and numbers of
sit-ups and push-ups). Also. to determine whether endurance performance
(run times) of trainees at different points along the spectrum of percent BF
and BMI was diffzrent, trainees were divided into quintiles (five roughly
equal-sized groups) on the basis of BF measures and weight-height ratios
(BMI). The mean run times of men and women in successive groups by
percent BF or BMI were compared to each other for significance using a
one-way analysis of variance (ANOVA). For significart ANOVAs, signif-
icant between-group differences were identified using a least significant
difference post hoc test.

A stepwise multiple regression model was developed to predict mile
run times for men and women from other physical measurements and ques-
tionnaire data at Fort Jackson in 1984. Changes in R? values from the
stepwise regression output were interpreted as indicators of the amount of
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variance in endurance performance explained by successive predictors step-
ping into the equations. The point estimate of the significance of B coeffi-
ctents for each successive predictor variable are reported as p values in the
text. The signiticance of F scores are also reported for the successive steps
in the models for both men and women.

Risks of injury were calculated as the cumulative incidence (percent) of
trainees incurring one or more training-related injuries during the 8-week
basic training ¢ycle. Relative nisks {(percent injured in contrast group divid-
ed by percent injured in referent group) were used to compare the incidence
of injury in groups possessing different supposed risk factors or exposed to
ditterent levels of a risk factor. Significance of contrasted risks was tested
with simple chi-square tests or partitioned chi-squares.  Mantel-Haenszel
chi-squares for linear trends were used when a trend was suspected on
inspection of the data.

To compare the risks of individuals exhibiting different levels of a
continuous risk factor such as percent BF or mile run time. subjects were
divided into successive quartiles (four roughly equal-sized groups) or cuin-
tiles (five nearly equal-sized groups) of risk based on their measured value
of the variable of interest.  For the 1984 data. trainees were placed into
quartiles of risk based on continuous measured variables because the sam-
ple size facked power to demonstrate differences between smaller-sized groups.
Trainees 1n the 1988 study were divided into quintiles to obtain a clearer
picture of trends and because the sample size was large enough to support
more divisions without sacrificing power.

In both studies for all potential risk factors examined. a reterent level
of risk was chosen. and cach other level was compared to it Referent
fevels were usually the Jowest level of risk observed or the level believed to
have the lowest risk based on other knowledge. Relative risks were calcu-
lated for each contrast, For the 1984 data. 90 percent confidence intervals
are reported in the tables below because this was a hypothesis-generating
study . and we did not want to fail 1o recognize a possible signiticant associ-
ation due to lack of power secondary to a small sample size. For 1988 data,
bath 90 and 95 percent confidence ntervals are reported in the tables be-
low. Point estimates of significance (p values) are reported in the text when
appropriate.

To control for the influence of body composition and physical fitness
on the risks of injury for women compared to men, Mantel-Haenszel chi-
squares stratified on percent BF and mile run times. respectively. were
performed.  Finally, a stepwise logistic regression was also performed to
determine the most important tactors contributing to the risk of injury in a
model where the effects of multiple factors were controlled for simulta-
neously.
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Results

The mean physical characteristics and physical fiiness test results for
men and women trainees in 1984 and 1988 are listed in Table 9-1. Compar-
1sons of the descriptive characteristics and fitness of men in 1984 and 1988
indicate that they were very similar in age, height, weight, percent BF, and
BMI. but in 1988 they appeared to be slightly less fit: the same was true for
women. Comparing men and women, the men were taller, heavier, and had
higher BMIs than women in both 1984 and 1988. while women had higher
percentages of BE. In both years. men ran faster and performed more push-

TABLE 9-1  Mecan Descriptive Characteristics and Physical Fitness Test
Results of Men and Women Army Trainees at Fort Jackson. South
Carolina. m 1984 and 1983

Men Women
\anable " Mean (S n Mean [N
J9NY
Ape veuars 124 202 (27 %6 22 (e
feretit tomn 123 1752 (hri 156 1633 b6
Weight tha 124 736 ERICH 186 87 (5.8
Body mass indey
twetghtherght= 123 243 30 186 224 20y
Body fat it 124 164 (49 186 282 94
b Atle run
tmnetes 7Y 7.2 tltn 140 9.7 (4"
Siups oy oy 2.5 (138 163 7 Lo’
Push ups 1o s 9z 0 CET 13X 124 99y
FAA 0
Age fvears i 0S6 201 (3.3 92 0.2 (s
Herght tom 1052 1752 7.1 RS 162.0) T
Werght thyi 1.053 757 112.2) 895 S¥.1 T
Body mass index
n\mgh(?hmght:; 1.053 246 (36) 89S 222 (2.0
Body fat ¢ 1083 161 15 %) ®US 268 RN
- Aile run
Cnnutes) 756 76 (0.9 541 1.3 (R’
2 Mile run
fmautes? 593 16.4 (20 38s 201 120
SIE ups (no 1.357 343 (122) 902 330 gy
Push-ups (no 1.357 0.8 1129 792 103 7.3

‘Difference between men and women significant at p < 05,
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ups and sit-ups than women. Cutoff points for quartiles and quintiles of
percent BF, BMI, and run times are listed in Table 9-2 for 1984 and Table
9-3 tor 1988.

Correlation of percent BF and Bodv Mass Index

The correlation between percent BF by skinfolds and BMI among men
trainees in 1984 was 81 (p < .000), and the correlation between BF by
circumferences and BMI in 1988 was .84 (p < .000). For women trainees in
1984, the correlation between body fat by skinfolds and BMI was .64, while
in 1988 the correlation of body fat by circumterences and BMI was .86.

TABLE 9-2 Body Composition and Fitness Variable Medians, Quartile
Cutoft Points, and Ranges for Men and Women Army Trainees at Fort
Jackson, South Carolina, 1984

Vanable Median” Quartile Cutoff Point Range
Men

Percent body fat 16.6 Qi 13.1 7-29
Q3 20.6

Bady mass index (kg/m?) 237 Q! 221 19-31
Q3 26.5

I-Mile run cmunutest 70 Ql 6.4 S9-11.5
03 7.7

Snoups 82 Q1 168 1699
Q3 640

Push-ups Ry QI 265 4585
Q3 36.0

Wemen

Percent bady fi 2501 Ql 224 14 37
Q3 4

Body mass mdey thg/m) AR ol 2 18 27
Q3 2le

1 Mile run cminutesy g8 Ql 9.0 60163
Q3 10.4

Sioups S Q1 30 (AR ES
(X 460

Push ups 11 Qt ARY i- 30
Q3 P70

Median = Q2
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TABLE 9-3 Body Composition and Fitness Variable Medians. Quintile
Cutoff Points. and Ranges for Men and Women Army Trainees at Fort

Jackson. South Carolina, 1988

Variable Median Quintile

Porcent body tat 15.4 Qi
Q2
Q3
Q4

Body mass index H\g/m:b 243 Qt
Q2
Q3
Q4

1 -Mile run (minutes) 7.5 Ql
Q2
Q3
Q4

2 Mile run tminutes) 16.4 Ql
Q2
Q3
Q4

Sit-ups 45 Ql
Q2
Q3
Q4

Push ups 29 Q1
Q2
03
Q4

Percent body tut 27.00 QI
Q2
I3
Q4

Bady mass mdex rhg/m- 224 Qf
Q2
Q3
04
I Mile run (minutesy 10 0 Ql
Q2
Q3
Q4

Men

Women

Cutoft Point Range

10.98
14.00
17.38
21.50

21.3K
23.34
25 14
2%.07

6H.R3
7.27
7.73
¥.3R

14.60
1567
16.56
17.8%

RE
41
47
54

19
26
32

40

2350
25 86
2790
3010

2027
2070
2207
2401

K94
9.72
04
11.50

2.13-36.12

17.22-34.32

S5-109

114260

158426

16,36 27.20

A6 193
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TABLE 9-3 Continued

Variable Median Quintile Cutoff Point Range
2 AMiie run (minutes) 20.4 Qi 18.50 139-20K
Q2 19.71
O3 20K
04 198
Sit-ups 24 Q1 23 o2
Q2 Rl
Q3 37
Q4 45
Pushups 9 Q1 4 182
Q2 7
Q3 1
04 16

Puast Activiey Level and Body Composition

On entry to the Army in 1984, the least active men were also the fattest.
For men trainees. a trend was observed of decreasing average percentage
BE (assessed by skinfoldsy with increasing celf-reported activity level prior
to entry. Percent BE decreased from 20.7 percent for the least active group
to 19.5 percent for the average group. to 16.2 percent for the next, and 15.5
percent tor the most active. The extreme groups (inactive versus very
active) were signiticantly different (p < .05). For women in 1984, however,
there was no apparent association between activity levels prior to entry to
the service and percent BE. The percent BF of women varied from 24.3
percent BE for the feast active group, to 26.8 percent for the average groups.
to 24.7 percent for the next group. to 23.9 percent for the most active group.

Body Compositior and Physical Performunce

Positive correlations between percent BF and mile run times and be-
tween BMI and mile run times were observed among both men (Table 9-3)
and women (Table 9-5) in 1984 and 1988. Results indicate that for both
men and women, as percent BF and BMI increase. run times become slow-
er. The magnitude of the correlations between body composition measures
and endurance performance and their degree of significance was greater for
men than women in both years. For men. roughly 7 to 28 percent of the
variance 1tn mile run times can be explained by percent BF, while only 1 to
3 percent of the variance among women's times can be explained on this
basis.
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TABLE 9-4  Correlations of Percent Body Fat (BF) and Body
Mass Index (BMI) with Entry Level Physical Fitness, and
Correlations of Run Times With Sit-ups and Push-ups. Men
Army Trainees, Fort Jackson. South Carolina

Correlauon r P n
1984

Percent BE with
I-Mile run 27 009 77
Sit-ups 17 KIAY 97
Push-ups 1 057 96

BAMI with.
I-Mile run 1% 069 76
Sie-ups A7 336 96
Push-ups 02 A7 95

I-Mile run tme with:
Sitoups 47 006 77
Push ups 23 000 76

NN

Percent BE with:

I Mile run S3 Q00 528

2-Mile run 36 000 376

Stt-ups - 18 000 907

Push-ups =29 000 912
BMI with:

I-Mtle run 42 000 528

2 Mile run RIY 000 76

Sit-ups LY 000 w7

Push-ups 04 291 9]2
1-Mile run oime wath:

Sit-ups A1 000 756

Push-ups 29 000 751
2-Mile run time with:

Sit-ups RI 00 589

Push ups 30 000 591

Negative correlations were noted between percent BF and numbers of

sit-ups and push-ups.  These data indicate that successively “fatter”™ men
and women trainees on average perform fewer sit-ups and push-ups. Al-
though the correlations between body fat and sit-ups and push-ups were
signitficant for both men and women in both years. the magnitude of corre-
lations were generally tower than for percent BF and run times.  Although
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TABLE 9-5 Correlations ot Percent Body Fat (BF) and Body
Mass Index (BMI) with Entry Level Physical Fitness, and
Correlations of Run Times With Sit-ups and Push-ups. Women
Army Trainees. Fort Jackson, South Carolina

Correlanon r p n
1ORS
Perzent BE with:
1-Mile run 2 0758 135
Situps 14 035 158
Push-ups 02 410 133
BMI with:
I-Mile run 00 478 135
Sit-ups 0n2 393 158
Push ups - 10 16 133
I -Mile run time with:
Sit-ups 24 002 133
Push-ups 01 345 109
JURN
Pereent BE with:
f-Mile run {6 (N4 330
2-Mile run 12 022 242
Si-ups 11 000 608
Push-ups AN 003 686
BMI with:
1 Mile run AR 017 339
2 Mide run 09 D79 REM
Sit-ups 03 405 686
Push-ups 08 041 606
F-Mile run time with
Sit-ups 23 000 536
Push-ups 26 000 467
2 Aile run time with:
Stt-ups 22 000 KRR
Push-ups 2 000 314

the direction of correlations of BMI with sit-ups and push-ups was also
negative. their magnitude was small (less than r = 0.2).

Tables 9-6 and 9-7 show mean run times for men and women for ditfer-
ent guintiles of BF and BMIL. Mecan run times increased significantly with
successively higher levels of BF above the third quintile for men. The
leanest men ran | mile in an average 7.1 minutes compared to 8.4 minutes
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TABLE 9-6 Mcan Run Times by Quintile of Percent Body Fat (B and
Body Mass Index (BMI) for Men Army Trainees. Fort Jackson. South
Carolina, 1983

Signiticantly difierent from
Variable Mean SD n Ql Q2 [OX] 04

!-Mile Run
BI quintile

Q1 lean 71 0.74 87
Q2 7.2 0.71 17
O3 7.4 0.75 il *
Q4 7.8 .54 108 = * *
Q5 tat b 0ol 102 * * * *
2 Mile Run
BE quimnle
Q1 lean [N .74 o0
Q2 156 1 K3 70
(BR] 158 1 51 71
Q4 171 216 72 . * M
QS tt 179 283 63 - * * *
! Mile Run
BMI quintite
Q1 fow 72 iR 106
IN TR 076 P}
Q3 T4 (1.%0) 12
04 7.6 81 121 : * :
3 high w4 0,99 102 * * * *
2-Mile Run
BM1 quintile
Q1 low 15 6 1.X1 7R
2 15~ 1.60 94
03 163 203 74 *
Q4 167 230 65 ¥ >
)5 hich 17 X 2R 69 * * * *

“Sigmiticanthy ditferent at poo 05 by Teast signihicant difference

tor the fattest quintile (p < .05). Among women, only the highest percent
BF (fitth quintile) was significantly ditferent from the others. Women with
the lowest percentiages of BF ran the mile in a mean time of 10.4 minutes
compared to 1.2 minutes for the fattest (p < .05). The relationship and
trends in time for the 2-mile run versus quintile of percent BF for men and
women, respectively, are similar to those seen tor the 1 mile.

Patterns of relationship of quintile of BMI and mean run times for men
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TABLE 9-7 Mean Run Times by Quintile of Percent Body Fat (BF) and
Body Mass Index (BMD for Women Army Trainees, Fort Jackson. South
Carolina, 1988

Signiticantly different from

Variable Mean SD n Q1 Q2 Q3 Q1
I-Mile Run
BEF quintile
Q1 lcan 104 1.84 73
Q2 1.2 1.60 74
[OR] [0.s 181 50
Q4 106 1.9} 63
Q5 tw tr2 217 70 * * B *

2-Mile Run
BEF quinnle

Q1 leun 2000 2 66
Q2 198 2% (3}
Q3 203 248 76
Q4 20.4 232 70
Q5 tat 209 2.0 62 * -

I -Mile Run
BMI gquintile

Qi tow H) 3 1.%] 70
Q2 104 [t 76
Q3 10.5 I 89 66
Q4 1.4 76 H6
QS high 1.2 206 6 * * * >

SMile Run
BMI guinnle

Q1 Tow 203 240 62

(& 9.7 22 60

[OR! 20.0 242 74

(2] 206 247 74 i

€ hugh RN 206 T3 «

“Srentficantiy different aUp < 05 by Teast signficant difference

and women were virtially identical to those tor BE. Men and women in the
fowest quintiles of BMI ran significantly faster than those in the highest
quintiles.

Prediction of Endurance Performance

Because of the importance of aerobic fitness to the Army s mission. an
cxploratory model was devised to predict endurance performance (mile run
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times) using data from the pilot study at Fort Jackson in 1984. Potential
predictor variables for both men and women were:

* Age (years)

» Height (HT, cm)

» Body fst (BF, %)

e Sit-ups (SU. number)

* Push-ups (PU. number)

« Total calories (TCAL, total kcals/week)

« Activity level (ACT: | = inactive, 4 = very active)
» Athletic status (ATHS: | = nonathlete. 4 = varsity)
« Intensity (JNT: 1 = sedentary, 4 = high)

Predictor variables entered the model in stepwise fashion in order of impor-
tance.

The tinal predictive regression equation for men trainees using the above
variables was:
Mile time (minutes) = —.019(SU) + .055(BF) — 227(ACT) ~ N42(INT) + 8.47.

Sit-ups (p = .004) entered the equation first, explaining 20 percent of the
variance in mile times. Percent BF (p = .009) entered the equation next.
which explains an additional 11 percent of the variance in times. Following
percent BF., activity level (p = .04) stepped in, contributing another 4 per-
cent to the explanatory power of the equation. The last predictor to enter
the model was the intensity of the trainee’s past recreational and sports
activities (p = 13). accounting for another 2 percent of the variance in run
times for men. The final multiple regression model explained 37 percent of
the variance in endurance performance of men trainees as measured by run
times {p < .000). Multiple regression coefficients (R) increased with each
step from .45 to .56 10 .60 to .62. All steps were significant at p < .009.
For women the endurance performance predictive equation was:

Mile time (minutes) = = 39ACT) - 038HT) - 018(SU) +
O45(BF)y - 22(ATHY + 16.9.

The trainces’ self-assessed activity level (p = .004) entered the model first,
and explained 15 percent of the variance in mile times for women. Height
stepped into the equation next, contributing 2n additional 9 percent to the
cxplanatory ability of the model. Number of sit-ups (p = .07) followed
height into the model. which boosted the explained vartance 4 percent more.
Percent BF (p = .08) entered the mode! tor women fourth, contributing 3
pereent to the explained variance in run times. The last variable to enter the
model was athletic status (p = .13). which accounted tor 2 percent of the

explained vanance. The multiple regression model explained 33 percent of

the apparent variance in the run times of women trainees (p < .000). The
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158 BRUCE H JONES. MATTHEW W. BOVEE, AND JOSEPH 1. KNAPIK

multiple regression coefficients (R) for successive steps in the model increased
from .39 to .49 to .53 10 .56 to .57. All steps were significant at p < .0009.

Injuries

At Fort Jackson in 1984 over the course of the 8-week basic training
cycle, significantly more women suffered training-related injuries than men:
S0.5 percent of women compared to 27.4 percent of men, with a risk ratio
of 1.84 (p < 0.000). In 1988 during the 8 weeks of basic training, 43.5
percent of women were injured, and only 27.2 percent of men experienced
an injury. a risk ratio of 1.61 (p < 0.000). In 1984, over 90 percent of all
musculoskeletal compiaints for both men and women were due to lower
extremity injuries, and in 1988 about 85 percent of the injuries of men and
women were lower extremity training-related injuries, such as stress frac-
tures. patellofemoral syndrome, achilles tendonitis, and ankle sprains.

Body Compaosition and Injury

Tables 9-8 and 9-9 display the risks of injury for men by quartile (1984)
and quintile (1988) of percent BF. For men in both 1984 and 1988, a higher
incidence of injury was evident among the fattest quartiles and quintiles of
trainees. In 1988 the fattest three quintiles of men were at significantly
greater risk than the leanest two, 25.3 versus 20.7 (risk ratio = 1.2, p = .05).
Tables 9-10 and 9-11 show the risks of injury by quartile (1984) and quin-
tite (1988) of percent BF for women. There were no significant differences
in risk to women by percent BF in 1984, In 1988, contrary to what was
observed for men, the incidence of injury for the ieanest two quintiles of
women was greater than the third and fourth guintiles: 42.4 percent com-
pared to 33.8 percent (risk ratio of 1.3, p = .05).

The risk of injury by quartiles or quintiles of BMI is shown for men in
Tables 9-8 and 9-9 and for women in Tables 9-10 and 9-11. The relation-
ship between BMI for men and women in 1984 appeared as if it might be
bimodal. with both the lowest and highest quartiles at greater risk of injury
than the middle groups. For men in 1984 the risk of injury for the lowest
quartife of BMI was 35.5 percent versus 18.0 percent for the middle two
quartiles. a risk ratio of 2.00 (p = .11). For the highest quartile versus the
middle two. the risk ratio was 38.7 percent to 18.0 percent (risk ratio =
218, p =.03). For women in 1984 the pattern of association of BMI with
risk of injury was similar to that of men. The risk for the lowest quartile of
women was 55.6 percent compared to 38.3 percent for the third quartile
{risk ratio = 1. 45, p = .09, The risk of the highest quartile of women
trainees was 63.0 percent versus 38.3 percent for the third quartile. with a
risk ratio of 1.65 (p = .02).
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TABLE 9-8 Risk of Musculoskeletal Injury by Quartile of Percent Body
Fat, Body Mass Index, and Mile Run Time for Men Army Trainees. Fort
Jackson, South Carolina. 1984

Relative Risk Confidence
Variable Risk (%) (versus baseline) n Interval (90%)

Percent body fat

QI lean 27.3 1.29 33 0).62-2.65)
Q2 26.7 1.26 30 (1.60-2.64)
Q3 2.2t 1.00 33 —
Q4 fat 35.7 1.68 28 (0.84-3.36)
Total 123

Body muss index
Ol low 355 2.06 31 (0.94-4.48)
Q2 188 1.10 32 10.44-2.68)
Q3 17.27 1.00 29 —
Q4 high 387 225 31 (1.04-4.83)"
Total 124

Run time

Q" fast 14.3 1.43 21 (0.35-5.86)
Q2 10.0° 1.00 20 —
Q13 26.3 2.63 19 (0.74-9.30)
Q4 slow 421 4.21 19 11.28-13.8%7°

Total ) 79

- .
Referent level (denominator for risk ratio).
n< b

This bimodal relationship of BMI with injury risk was not clearly evi-
dent at Fort Jackson in 1988. Although the extremes of the distribution of
BMI did tend to have a higher incidence of injury than middle quintiles (see
Table 9-9 for men and Table 9-11 for women), no significant difference in
risk between quintiles of BMI was identified among men trainees. For
women in 1988 the extreme quintiles of BMI were at the greatest apparent
risk. but only the lowest two quintiles were in significantly greater jeopar-
dy. 42.5 percent risk. compared to the fourth quintile. which had the lowest
risk: 30.7 percent (risk ratio = 1.3, p = .01).

Phvsical Fitness and Injury

The relationship between physical fitness and injury is more pronounced
and more directional than that for body composition and injury. A signifi-
cant association between low aerobic fitness (endurance) as measured by
mile run times and elevated risk of injury for both men (p for trend = .02)
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160 BRUCE H JONES. MATTHEW W. BOVEE. AND JOSEPH J. KNAPIK

TABLE 9-9 Risk of Musculoskeletal Injury by Quintile of Percent Body
Fat. Body Mass Index, and Run Time for Men Army Trainees, Fort
Jackson, South Carolina, 1988

Relative Risk Confidence
Variable Kisk (%) (versus baseline) n {nterval (90% /95%)

Percent hody far

Q1 lean 224 1.18 210 (0.86-1.62/0.81-1.72)
Q2 19.0" 1.00 211 —

03 25.6 1.35 211 (1.00-1.82/0.94-1 93)%
04 232 1.22 211 (0.90-1.67/0.85-1.77)
QS fut 27.6 1.46 210 (1.09-1.96/1.03-2.07)"
Total §.053

Body muss index

O1 low 233 112 210 (0.83-1.51/0.78-1.60)
Q2 25.6 1.23 211 (0.92-1.63/0.87-1.74)
) 209° .00 211 —

04 232 1.1t 211 (0.82-1.51/0.78-1.60)
Qs high 218 119 210 (0.88-1.60/0.83-1.69)
Towal 1.053

Run time

Q1 tant 213 103 277 (0.80-1.33/0.76-1_40)
Q2 hRE Y 1.00 268

03 92 1.28 267 (101-1.63/0.96-1.71)}
04 267 1.17 270 (0.91-1.50/0.87-1.57)
QS Jow 34 1.50 267 (1.19-1.88/1.14-1.97)%
Total 1.349

“Reterent fevel (denominator for risk ratio).
7/r < 05

f/7 < )

i< 0]

and women (p for trend = .03) was seen in 1984 (see Table 9-8 for men and
Table 9-10 for women). The slowest two quartiles of men had a higher risk
of injury than the fastest two: 34 percent versus 12 percent, a risk ratio of
2.8 (p = .03). For women trainees, a similarly significant association was
observed between mile times and risk of injury. The slowest two quartiles
of women had a higher risk of injury. 59 percent. versus 35 percent for the
tastest two quartifes (risk ratio = 1.7, p = .01).

At Fort Jackson in 1988, a trend similar to those observed in 1984 was
noted between run times and risk of injury among men trainees (see Table
9-9 for men and Table 9-11 for women). The slowest three quintiles of men
trainees had a combined average incidence of injury of 30 percent compared
to 23.1 percent for the fastest two, a risk ratio of 1.3 (p = .005). A signifi-
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TABLE 9-10 Risk of Musculoskeletal Injury by Quartile of Percent
Body Fat. Body Mass Index, and Mile Run Time for Women Army
Tratnees, Fort Jackson, South Carolina, 1984

Relative Risk Confidence
Variable Risk (%) (versus baseline) n Interval (90%)

Percent body fai

QI lean 413 0.78 46 (0.54-1.12)
Q2 61.7 1.16 46 (0.86-1.56)
Q3 53.2° 1.00 47 —
Q4 fat 45.7 0.86 16 (0.61-1.21)
Total 186
Body mass index
Q1 low 55.6 1.45 15 (1.00-2.11)*
Q2 458 1.20 a3 (01.80-1.78)
Q3 38.3" 1.00 47 —
Q4 high 63.0 1.64 16 (1.15-2.35)"
‘Total 186
Run time

Q1 fast 36.3 1.0% 36 (0.64-1.84)

2 33.3° 1.00 36 —
Q3 57.1 1.71 35 (1.09-2.70"
Q4 slow 60.6 1.82 33 (1.16-2.86)"
Total 140

*Referent level (denominator for risk ratio).
fp < 1.

cant linear trend between slower run time and higher risk of injury was also
identified (p =.003). The association between run times and injury risk was
not so distinct for women in 1988. The risk ratio of the slowest two quintiles
was contrasted with the fastest three, yielding a risk ratio of 1.2 (p = .02).

When the 1988 run time data for men trainees and lower extremity
injuries only was examined for associations, an even more pronounced trend
of increasing injury risk with slower run time was observed (Mantel-Haens-
zel chi-square for trend. p = .0006). Risks for men descended from 30.3
percent for the slowest quintile to 23.7 percent. to 24.7 percent. to 18.3
percent. and slightly up to 19.3 percent. There was also a stronge: rclation-
ship between quintiles of run time and risk of injury for women trainees in
1988 when only lower extremity injuries were analyzed (Mantel-Haenszel
chi-square for trend. p = .08). Risks for women for successive quintiles of
run time for slowest to fastest went from 38.5 percent to 48.6 percent. then
down to 37.9 percent for two quintiles and down to 34.1 percent.
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TABLE 9-11 Risk of Musculoskeletal Injury by Quintile of Percent
Body Fat, Body Mass Index. and Run Time for Women Army Trainees,
Fort Jackson, South Carolina, 1988

Relative Risk Confidence
Varable Risk %) (versus baseline} n Interval (90% /95%)

Percent hody fut

Q1 lean 148 1.32 181 (1.06-1.64/1.02-1.71)"
Q2 YR 1.16 176 (0.92-1.48/0.88-1.52)
Q3 1397 1.00 183 —

Q4 1.1 1.01 176 (0.79-1.28/0.75-1.34)
QS tat WAL 1158 177 (0.91-1.45/0.88-1.51)
Total 893

Body muass index

Q! fow 130 1.42 179 (1.13-1.78/1.08-1.86)"
Q2 413 135 179 (1.07-1.70/1.02-1.78)"
Q3 W b.24 179 (0.97-1.57/0.93-1.65)
Q4 yo7° 1.00 179 —

Q5 high 37 4 1.22 179 10.96-1.55/0.91-1.63)
Total 898

Run time

Q1 tast 17 0% 180 (0.87-1.33/0.83-1.39)
Q2 106 106 178 (0.86-1.31/0 83-1.3T)
03 a7 1.0 181 --

04 < A 1.39 179 CLES-1.68/1.11-1.74)%
Q5 slow 4.3 112 178 (0.91 1.380.87-1.43)
Total 896

N . .
Reterent level tdenoranator for risk ratio)
fp o< OS.

i

P« (L2

Physical Activity an Injury

In 1984 a stepwise trend of decreasing risk with increasing activity
level was evident fo- men (Table 9-12). Risks decreased from 43 percent
for the least active «roup to 17 percent for the most active (p for trend =
061, Comparing tr. risks of the average and inactive groups with the
active and very active groups. the risk ratio is 1.6 (36.4 percent/22.5 per-
cent, p = .09). For women there did not appear to be an association
between physical activity and risk of training-related injuries (Table 9-12).

Gender, Physical Fitness and Risk of Injury

The crude relative nsk of injury for women compared to men at Fort
Jackson in 1984 was 1.8 (50.5 percent/27.2 percent, p < .000). When risks
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TABLE 9-12  Association ot Self-Assessed Activity Level of Men and
Women Trainees Prior to Entering the Army with Risk of Injury. Fort
Jackson. South Carolina, 1984

Relative Risk Confidence

Activity Level Risk (%) (versus baseline) n Interval (90%)
Men
Very active 17.2* 1.00 29 —
Active 2585 1.4% S1 (0.68-3.21)
Average 351 204 37 10.95-4.37)
Not very active 429 249 7 (0.93-6.63)
Total 124
Women

Very active 48.5* 1.00 33 —
Active 522 1.08 69 1).84-1.31
Averuge 484 1.00 64 (0.56-0.96)
Not very active 55.0 14 20 .57 1.20
Total 186

*Reterent level (denominator for risk ratio).

for women versus men were stratified by level of fitness (mile run times) so
that women were compared to men of the same degree of fitness, there was
no difference in risk between genders, and the overall risk ratto was 98
{Mantel-Haenszel chi-square = 0.00. p = 1.00: Table 9-13). When risks
were stratified on percent BF. the risk ratio remained unchanged at 1.8,
which indicates that BF did not affect the risk of injury. Stratification on
several other factors. including age. race. sit-ups. and push-ups. did not
affect the magnitude of the risk ratio.

Two logistic regression models were also created to determine the im-
portance of various risk factors for injury. The variables included in the
first model were: gender, age. race. athletic status, self-assessed activity
Jevel, height, weight. percent BF, push-ups. and sit-ups. In this regression,
without fitness/run time included. the only factor that stepped into the mod-
el was gender. with an estimated odds ratio for women versus men of 2.5
(p = .005). The second model created was identical except that mile run
time was included as a varnable. In this second model. gender did not
approach the significance required to enter the model. but mile run time did,
with an estimated odds ratio for slow versus fast of 3.5 (p = .001).  Percent
BF did not approach the required Fs for entry into either model. nor did
any other variable. Again when a measure of physical fitness was a candi-
date for entry into the stepwise model, gender differences disappeared. and
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TABLE 9-13  Kisk of Injury for Women Versus Men Army Trainees by
Tertiles” of Mile Run Time, Fort Jackson, South Carolina, 1984

Risk of Injury (%"

Run Time Contidence Interval
Terute” Women Men Risk Ratio (95% )
| 20.0% 17.5% ! .3-14.5)
(/1) [WRVLRN
2 37,34 16 7% 0.5 (4-1.5)
(22/59) (7715
3 8774 0.04% --
37/7h tO/1)

NOTE. Mantel-Haenszel summary fisk ratio = 98 (.4 - 2.3 Mantel-Haenszel chi-square =

Oy o= 1,000
“Tertiles were: T1 - S9 79 minutes, T2 = 7.9 - 9.7 nunutes: T3 = > 9 7 ~nutes.

Percent nish = imured;/anjured + not injured;.

endurance as measured by run times was the best predictor of training-
related injuries.

Discussion

These two studies at Fort Jackson provided a unigue opportunity to
prospectively examine the relationships among body composition, physical
tfitness, and injury in men and women. The assemblage of basic trainees at
an Army reception station for several days prior to the onset of basic train-
ing permitied the collection of baseline data from direct physical measure-
ments and questionnaires. Access to medical records of this young. healthy
population provided an opportunity that would be rare outside the military.
Also. the records represent all health care received. because basic trainees
do not have access to any other health care system. A final unmique aspect of
this study was that, unlike most epidemiologic studies of this nature on
civilian sports and exercise populations, all individuals in the study were
engaged in similar types and amounts of physical training and other daily
dctivities.

Muny of the results of this study. such as the correlation between in-
creasing pereent BF and decreasing endurance performance, were similar to
those reported by previous investigators. Other findings. such as the associ-
ation between lower levels of physical fitness and higher risks of injury.
were unigue. These singular findings may be explained by characteristics
of this study design that were different from previous studies of ‘his nature.
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Results of this study have important implications for the military and phys-
ically active civilian populations.

Corretation Between Bodyv Composition and Physical Fitness

Because an underlying assumption of Army policy is that fatter soldiers
are less fit, it was deemed important to examine that premise. Others have
found significant correlations between measures of BF and fitness. Vogel
and Friedl (chapter 6) found a significant correlation (r = —.48) between
percent BF and maximum oxygen uptake for men. In another recent study.
Jette et al. (1990) reported correlations between BMI and estimated maxi-
mum oxygen uptake of —41 for men and -.54 for women. Cureton et al.
(1979) found negative correlations between percent BF and run times of
men and women of —.30 and -.22, respectively. The findings presented here
were parallel to those; significant positive correlations were observed between
percent BF and 1- or 2-mile run times of .27 to .53 for men. but only .12 to .16
for women, which indicates that fatter men and women run slower.

In this study, correlations between BMI and run times were also siznif-
icant and positive but of lower magnitude than for percent BF. This lower
correlation probably occurred because BMI is only a surrogate measure of
percent BF. and 1t 1s the inert fat tissue that detracts from weight-bearing
endurance performance. BMI accounted for only 65 to 70 percent of the
variance in percent BF among men trainees and between 40 and 70 percent
of the variance for women trainees.

Negative correlations between BMI and number of sit-ups performed in
I -minute intervals have been reported by Jette et al. (1990): r = —.24 and r
= ~.15 for men and women, respectively. In this study. negative correla-
tions were found between percent BF and number of sit-ups in 2 minutes of
-.17 to =29 for men and —.12 to —.14 for women. Jette et al. (1990) also
observed negative correlations between BMI and push-ups with r = -.22 for
both men and women. Correlations in this study between percent BF and
push-ups for men ranged from -.17 to —.29, and those for women ranged
from -.02 to -.18. Correlations between BMI and sit-ups and push-ups
were lower than for percent BF and these calisthenics.

In general. the correlations between measures of BF and either push-
ups or sit-ups were lower than for those with weight-bearing endurance
performance such as running. These lower correlations with BF are attrib-
uted to the fact that individuals must lift only a portion of their body weight
against gravity to perform push-ups and sit-ups, but they must lift their
entire body weight. including the fat, to run.

To further understand the degree and significance of changes in run
times as level of BF tncreases. these changes were analyzed for successive
quintiles of BF in 1988, Significant differences in run times were found
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166 BRUCE H JONES. MATTHEW W. BOVEE, AND JOSEPH J. KNAPIK

between successive quintiles of percent BF among men. but only between
the extreme quintiles of BF. the fattest and the lower ones, among women.
This finding suggests that in this study, percent BF is not as good a discrim-
inator of fitness for women as for men. Vogel and Fried! (chapter 6) found
significant decreases in run time between quartiles of active-duty men and
women soldiers with successively higher percentages of BF.

As an aside, the relative run times of women may not be as strongly
atfected by increases in percent BF because the relative range of fatness for
women is less than for men. The range of fatness for women is from 16 to
34 percent, a relative difference of 2.3 between extremes, while for men the
range is 2 to 30 percent, a 15-fold difference (Friedl et al.. 1989). For this
reason, percent BF provides less discriminating power for women.

The consistency and significance of the correlation between measures
of BF and endurance performance are important to the military because
current regulations and policy assume such a relationship. Also, the stron-
ger correlations between measures of percent BF and physical fitness (that
is, run times, sit-ups. and push-ups) than between BMI and fitness have
important implications for the military. Stronger correlations with percent
BF suggest that using BF standards rather than BMI or height-weight tables
as criteria for enlistment and retention would provide a better indicator
of recruit and soldier fitness—not to mention a better measure of body
composition.

Predicting Endurance

Because of the universal requirement for soldiers to march and carry
loads, models were developed to predict the endurance performance of men
and women. A multiple regression model was used to determine the rela-
tive importance of multiple factors suspected of contributing to weight-
bearing endurance as measured by |-mile run times. For both men and
women, the same 10 potential predictors of physical performance were can-
didate variables for the models: age, he’ght, weight. percent BF. sit-ups.
push-ups. total leisure-time, kcals per week. self-assessed activity level.
level of sports participation, and aerobic intensity of usual leisure-time ac-
uvities.  Four variables contisbuted to the final model for men, and five
vanables contributed to the final model for women.

In the men’s endurance prediction model. percent BF stepped into the
equation second—explaining 11 percent of the variance in run times—be-
hind sit-ups. which explained 19 percent of the variance. For the women's
model, percent BF stepped into the equation fourth—behind self-assessed
activity . height. and sit-ups—explaining only 3 percent of the variance in
the run tmes of women trainees.  Activity level was important in both

¢ e e ——

PRI

e




BODY COMPOSITION, PHYSICAL FITNESS. AND INJURY 167

models and explained more of the variance in endurance (15 percent) among
women than any other variable.

Results of this modeling suggest several things. First the regression
models coupled with the lower correlations between percent BF and run
times for women reported above suggest that percent BF is not as good an
indicator of fitness for women as it is for men. Second, the models for
predicting endurance performance suggest that in addition to percent BF,
other simple measures—such as sit-ups—during the selection process might
contribute significantly to the Army’s ability to recruit tit soldiers. Al-
though it might be difficult to use questions on seif-assessed activity like
thos:2 in this study in the context of recruiting soldiers. it ts clear that past
actvity is an important factor in the prediction of fitness.

Risks of Injury

Previous studies have reported the incidence of musculoskeletal com-
plaints ranging from 42 to 54 percent for women Army trainees and 23 to
2¢ percent for men (Bensel and Kish, 1983 Jones, 1983: Kowal., 1980).
The cumulative incidence of injuries among trainees in this study was S1
percent for women and 27 percent for men. and the data here suggest that
risks of injury have been relatively stable over almost a decade.

Association Between Bodv Compaosition and Risk of Injury

Few studies have ¢xamined the association of percent BF and BMI with
the risk of training-related injuries, and no studies have systematically looked
at the relationship of BF and weight-bearing training injuries. A tew stud-
1es of runners have examined the relationship of BMI to injuries (Blair et
al., 1987: Maccera et al., [989b: Marti et al., 1988). No association between
BMI and injury was reported for men or women runners in a study by
Macera et al. (1989b). while Blair et al. (1987) reported a slight but signifi-
cant positive correlation (» = 1) between BMI and risk of injury among
runners.  More consistent with the findings here is Marti et al.’s (1988)
report of a bimodal distribution of injuries among men runners. in which the
groups with the highest and lowest BMIs in a population of distance runners
suftered the highest incidence of injuries. Macera et al. (1989a) in a pro-
spective study of exercising adults reported that a high BMI at baseline was
a risk factor for men but not for women.

During this study in 1984 it was felt that the relationships between
percent BE or BMI and risk of injury both might be bimodal. The hypothe-
sty was that men and women of more “average” BF. those in the middle
groups. would be at lower risk of injury than those at the high and low
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extremes. For this reason, the middle guartiles and quintiles of body fat and
BMI were chosen as the referent level for contrasting risks.

It now appears. at least among this sample of men and women Army
trainces. that the patterns of risk are different for men and women. The
univariate analysis suggests that the men trainees with the highest percent-
ages of BF are at greatest risk of injury. Certainly this was true in 1988
when the men trainees in the highest quintile of BF were at 1.5 times
greater risk than the lower ones. In contrast, it appears that women with the
lowest percentages ot BF are at greater risk than those of average percent
BF as seen in 1988, when the women with the lowest body fats were at 1.3
times greater risk than those women in the middle.

With BMI. the distribution of risk of injury appears to be bimodal.
However. the only significant assoctation for men occurred in 1984 when
the trainees with the highest BMI were at 2.1 times greater risk of injury
than those of average BMI. For women. the only significant associations
occurred in 1988, At that time. women with both the highest and lowest
BMI were at 1.5 and 1.6 times greater risk, respectively. than the more
“average” referent group.

Assuming that this observation is correct—that the fattest and highest
BMI men and the leanest and lowe<t BMI women represent the tails of the
distribution of BF at greatest risk of injurv—then a plausible explanation
far these findings s necessary. It may be that the men trainees with the
highest BF were at greater risk than their peers because they were carrying
so much extra weight as fat—fat that would not only contribute to greater
tatigue at any given level of weight-bearing performance. but also would
impose an additional stress on the musculoskeletal system. Paradoxically. it
may be that the least tat women trainees were at greater risk for the converse
reason: too little lean body mass. Perhaps women with low percentages of
BF who are still relatively fat compared to men may not have enough lean
body mass to support their total body wetght without undue stress.

In any case. distinct and consistent patterns of relationship between
percent BF or BMI and risk of injury are not evident. Some of this lack of
correspondence at least for percent BF may be attributable to different tech-
niques of measurement used in 1984 and 1988: skinfolds versus circumfer-
ences, respectively. Also, the apparently different pattern of association
hetween BF and injury for men and women in this study may hypothetically
be due to the fact that the Army height-weight selection standards artificial-
ly truncate the distribution of percent BF among women trainees. The
height-weight standards effectively exclude 30 percent of eligible women
but oniy 5 percent of men (Friedlet al.. 1989). Regardless of what accounts
for the differences between men and women, the current upper limits of
height-weight are not effectively excluding the women at greatest risk of
njury.
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Assoctation of Physical Fitness with Risk of Injury

The association between physical fitness and risk of injury in this study
is more consistent for both men and women than the association with BF.
In fuct, as the stratified and logistic regression analyses suggest, endurance
or weight-bearing fitness was the factor most strongly associated with risk
of injury. Men and women in this study with the least endurance—that is,
the slowest run times—were at greatest risk of injury. The slowest men
were at L4 to 2.8 times greater risk than their slower counterparts, and the
slower women were at 1.3 to 1.8 times greater risk.

Other authors have not reported such a relationship between fitness and
imjury. In fact. most report an increase in risk of training injuries for the
most fit individuals (Blair et al.. 1987: Macera et al., 1989b: Marti et al.,
1988). Blair et al. (1987) and Marti et al. (1988) both reported a positive
association between high tevels of fitness and b'ah risks of injury on univariate
analysis that disappeared when the amount of training (miles run) was ac-
counted tor in a multivaniate analvsis. This result suggests that i these
studies the relationship between fitness and injury was confounded by the
assoctation of tithess with greater amounts of training.

Studies by others on the relattonship of physical fitness to injury pri-
marily mvestigated runners of different fitness levels who ran for ditferent
numbers ot miles at various intensities (Blair et al.. 1987; Koplan et al.,
1982 Macera et al.. 1989b; Marti et al.. 1988). In this study. men and
women within companies (130 to 250 trainees)-—and to some extent across
¢ smpantes—ran. marched, and exercised similar amounts and at similar
intensities, intensities that were dictated by the group and Army policy
rather than individual predilections. Thus this study provided controls for
confounding due to varied volume and intensity of traiming, which other
studies have not.

It is not surprising that & measure of weight-bearing fitness is associat-
cd with injury among Army trainees.  The single most common physical
stress during baste training results from weight-bearing physical training, a
stress that s secondary to running. drill and ceremony. marching to and
from training sites. and road marching with loads. Even when not training,
weilght-bearing musculoskeletal stress is unavoidable. Walking is usually
the only mode of transportation to and from the mess hall and other sites
during available leisure time. 7 oc more aerobically it trainees are under
less phystological stress at any given activity fevel and may also have more
prior exposure to musculoskeletal stress thus decreasing their risk of mjury,
Whatever the underlving reason. the data here suggest that a measure of
cndurance fitness might provide additional information to assist in identify -
g njury-prone Army volunteers.
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Asvocration of Physical Activity and Risk of Injury

Itis well known that higher volumes (amounts) of training are associat-
cd with higher risks of injuries among runners (Koplan et al.. 1985: Powell
et al. 19861, But data tfrom this study demonstrate that risks of injuries
among men trainees at Fort Jackson in 1984 decreased in a stepwise fashion
as self-reported levels of prior physical activity increased, and sedentary
men trainees were more than twice as likely to suffer training injuries. This
finding is similar to that from a study of marine recruits (Gardner et al..
TO88) in which « highly significant trend was observed of decreasing inci-
dence of stress fractures with increasing self-reported activity levels. These
data suggest that for mer recruits higher prior physical activity levels may
protect against current injury when they are engaged in a uniform training
program. and are performing the same amounts of exercise as individuals
with less prior exposure to the stress of vigorous physical activity. Other
studies have looted at runners all of whom ran different distances. in which
cuse the “dose™ or volume of running was the primary risk factor (Blair et
al o TORT7: Koplan et al.. 19820 Maceru et al., 1989b: Marti et al., 198¥).

Gender. Physical Fitness. and Risk of Injury

In the studies reported here, women were injured significantly more
often than men. between 1.6 and 1.8 times more often. This finding is in
agreement with those ot previous Army studics of basic trainces (Bensel
and Kish. 19R3: Kowal. 198(0) but is not consistent with civilian studies
tKoplan et al.. 1982 Muacera et al.. 1989ab). The primary risks during
Army basic traming are lower extremity injuries associated with weight-
hearing activities such as running and marching.  Also. the pattern and
distribution ot these injuries is similar to that for civitian runners and jog-
cers Jones 1983y Despite these apparent similarities of trainee activity
and injuries to those of civilian runners and joggers. civilian studies have
not found women te be at higher risk (Koplan et al.. 1982: Muacera et al.,
19X9b. Pow Il ¢t al.. 1986).

Powell et al. (1986) concluded that “gender per se does not appear to
be an important risk facor for imjuries.”™ Macera and her colleagues (1989a.b)
Fave shown in both aivihian runners and 1in exercising adults that gender ix
noi a risk tactor for injury. Also, Koplan et al, (1982) found no differences
in risk of runming injuries between men and women.

Serectton bias could account for these contradictory findings between
mihitary and aivilian studies. Koplan et al. (1985) indicated that ¢ivilian
studies of physeal activity. fitness, and related injury suffer from selection
hras, These studies (Koplan et al.. 1982 Macera et al.. 1989b: Powell et al.,
19860 are brased n that the populations studied inciude only individuals
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who were fit enough to tolerate routine vigorous training and had not quit
due to injury or for other reasons. 1f women were actually at greater risk of
injury. what would be expected is that fewer women would be represented
in the populations studied since women on average are less physically fit
than men (Tabie 9-1. Vogel ¢t al., 1986). In fact this is what is found. In
all the cited studies of runners (Koplan et al.. 1982: Macera et al.. 19%9b)
and exercise participants (Macera et al., 1989a), the number of womicn in
the population examined erc only 16 to 23 percent that of men.

It the hypothesis that only men and women who are fit enough to
survive training remain in the population of routine exercisers is true, then
we might expec that the injury rates among men and women of the same
high fitness levels would be similar. The results of the study of Army
trainees in 1984 support such a conclusion.  Although the crude risks of
mjury were higher for women. when risks of injury were stratified on run
ttmes (physical fitness). differences in risk between women and men disap-
peared. and the risk ratio approached 1. Also. with the logistic regression
model, gender remained the predominant and only significant risk tactor for
mjury with an odds ratio of 2.5 (p < .0005) until mile run time was ¢entered
as a potential predictor, whereupon gender ceased to even approach signifi-
cance as a risk factor. Run time (acrobic fitness) replaced gender as the
sole and best predictor of injury (odds ratio = 3.5, p < .0001 ).

The possible implications of this finding are important for the Army,
the other military services, and possibly civilian exercise enthusiasts and
medical practitioners for two reasons.  First, it suggests that low levels of
acrobic fitness or some related factor are a primary risk tactor tor muscu-
loskeletal injuries associated with military and possibly other vigorous weight-
bearing training activities such as running. Sccond. it indicates that gender
per seis not the major risk factor that a crude analysis of mulitary training
injury data might implyv, and that low physical fitness may be the underly-
ing predisposing factor,

Conclusion

In general, men enter the Army with lower percentages ot BF than
women and are able to perform more sit-ups and push-ups and run faster
than women. They also suffer fewer injuries than women because of ther
relatively higher levels of endurance ana possibly other associated factors,

Data from this study suggest that measures of percent BE are not as
good at predicting physical fitness for women as they are for men. For both
men and women., physical fitness as measured by even simple technigues

such as stt-ups in combination with BE is a better predictor of other types of

fitness such as mile tun times or other forms of weight-bearing endurance
than percent B atone. Furthermore. higher percentages of BE for mien are
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associated with increased risk of injury. but for women they are not. Phys-
ical fitness is a better predictor of injury than BF or gender. Therefore. if
physical fitness and freedom from injury are important to the Army, it
would make sen _ to at least include some simple measure of fitness in the
screening process for prospective enlistees.

Several important conclusions can be made tfrom this study and also the
process of analysis. A few multivariate analyses can be much more infor-
mative than numerous univariate analyses.  Although univariate analyses
are the foundation of multivariate approaches such as those used here, they
are not a substitute for more complex models. More information generated
trom larger populations and yielding more powerful multivariate models 1s
needed. With these models, the Army should be able to predict injuries and
also such factors as career success or discharge. This information c¢ouid
provide the Army with a rational foundation from which to select and retain
men and women who are most likely to possess the combination of fitness,
fatness. and freedom from injury that is desired for military readiness.
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INTRODUCTION

Relationships among body composition and morbidity and mortality are
complicated by several factors, including the accuracy and reliability of
methods of measuring body composition and the effects of age, gender.
race. genetic. environmental (for example, altitude, climate), and behavioral
(for example. diet, smoking) factors. In discussing measures of body com-
position. 1t is helptul to distinguish criterion from prediction methods, and
direct measures trom indirect estimates. Criterion methods measure physi-
cal properties. chemical or anatomical constituents that are either direct
measures of well-defined components (for example. total body water from
deuterium dilution space), or they can be used to calculate indirect esti-
mates of other components of body composition (for example, percent body
tat [BF} from total body water). Prediction methods are generally based on
measurements of less specific aspects of the body. such as circumferences,
skinfold thicknesses. or bioelectric impedance. These variables must be
used in equations that are calibrated against values from criterion methods.
In the selection of criterion or prediction methods, consideration should be
given a~ to what aspect of body compuosition is to be related to a disease.

METHODS OF MEASURING BODY COMPOSITION

Underwater weighing. from which body density 1s derived. continues to
be constdered the “gold standard™ amonyg the indirect criterion methods of
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estimating body composition, despite long-standing recognition of its limi-
tattons (Sir1. 1961). Other indirect criterion methods include potassium 40
counting. total body water trom tritium or deuterium dilution. and total
body carbon from neutron activation. In addition to technical errors of
measurement. which are considered to be random, these methods may be
subject to nonrandom and/or systematic errors due to deviations of individ-
uals from the assumed proportionality values for body composition associ-
ated with age, gender, race. and other factors. These errors can distort as
well as attenuate associations with morbidity or mortality.

In addition to technical errors of measurement. methods of predicting
body composition also contain sampling errors. as well as errors associated
with the hmitations of the criterion method selected for calibration. The
most commonly used prediction methods at present employ anthropometry
and bioelectric impedance.  Equations for predicting fat-free mass (FFM)
and total BF using anthropometric and bioelectric variables have been de-
veloped tor young or middle-aged adults, many of which may be appropri-
ate for use with military personnel (Barillas-Mury et al., 1987: Baumgartner
et al.. 1989; Chumlea et al., 1988: Hodgdon and Fitzgerald. 1987: Lukaski
et al., 1985: Lukaskr and Bolonchuk, 1987: Segal et al.. 1985: Zillikens and
Conway. [987). However. most of these prediction equations have not been
cross-validated properly to determine their accuracy when applied to popu-
lations other than the ones used in development (Guo et al., 1989),

Methods such as neutron activation, computed tomography (CT), dual
photon absorptiometry (DPA). and magnetic resonance imaging (MR1) are
invasive or require cumbersome. expensive equipment and specialized per-
sonnel.  As a partial result of these problems. reported reference data tor
these measures of body composition and their associations with risk factors
are limited.  CT and MRI are most useful as methods ot regional body
composition analysis and are among the only methods currently available
tor quantifying amounts of intraabdominal adipose tissue for which there
imay be considerable risk for several endocrine and metabolic diseases (Baum-
gartner et al., 1987: Kvist et al.. 1986; Larsson et al., 1984). In contrast to
CT. MRI does nec involve exposure to tonizing radiation and is associated
with hittle risk. MRI spectroscopic technigues can provide important intor-
mation regarding the chemical composition as well as anatomical distribu-
ton of muscle and fat.

Photon absorptiometry is an accurate method of quantifying bone min-
cral density and for estimating total body mineral and skeletal mass. Accu-
rate estimates of bone mineral density and total body bone mineral are
needed to adjust equations for estimating BF from body density. The cur-
rent cquations are subject to systematic errors since they assume that bone
density and the proportion of FFM that is bone are constants, despite evi-
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dence tor their variability with factors including gender, ethnicity, and age
tLohman, 1986). Presently. there is u paucity of information on bone densi-
ty tor non-White individuals. DPA has the capability of directly estimating
soft tissue composition for the whole body or body segments. The recent
development of dual-energy x-ray absorptiometry (DEXA) with whole body
scanning at relatively low cost may make this an important criterion method
tor body composition in the future (Mazess et al.. 1984).

There are many methods of measuring body composition, and the choice
depends upon the expernimental setting,  Briefly. in a field setting one is
generally himited to anthropometry. that is. skinfolds and circumferences.
possibly some linated d° ~itometry equipment. body water estimates de-
pendimg on access to a laboratory for analysis. and more recently bioelectric
impedance. All ot these methods can have large measurement errors or
limited specificity depending on the sample studied. For example. in voung
adults, the present gold standard ot underwater weighing is estimated to
have at bests a mimmmum restdual error ot 2.5 percent for estimates of per-
cent BE (Behnke and Wilmore, 1974, This error. however. is likely to be
areater i most settings because the accuracy ot underwater weighing de-
pends on the performance of the subject and the quahty of the equipment.
The use of an easily accessible water tank and a stable seat or platform
suspended from foad cetts rather than spring scafes will improve pertor-
mance and accuracy of underwater werghing, It validated, DEXA could he
the method of chorce i the future. because it can provide both regional and
whole body estimates of tat lean mass, and bone mass at a relatively Tow
cost. Because DEXA s passive and involves very Tow exposure to jonizing
radration. it s appropnate tor repeated observations.

ACCURACY OF MEASUREMENTS

Body composition can be measured with increasingly greater accuracy
thun i the past. However, we are still hampered by the way measurement
values are converted into amounts of bone. muscle. and tat. A major con-
cernoin this area s the validity of the assumptions underlving estimates of
body composition. To date. most studies of body composttion have used
the vimple two-compartment model or Sirt’s equation (1961). This equation
divades the body mto vat and FFM on the basis of body density from under
water weighimg. Siri's equation is based on the assumptions that the densi-
tics ot fat and FEM are 09 g/ml and 110 g/ml. respectively (Pace and
Rathburn, 1945y The density of fat vanes hittle among individuals across
dge. but the density ot FEM can vary substantially among individuals de-
pending on the relative proportions of its constituents, mainly water, pro-
e, and osseous and nonosseous mineral ard the age of the person (L.ohm-
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an. 1986). A vanation of plus or minus 0.02 g/ml away from the assumed
value of 1.10 g/ml for the density of FFM can translate into an error of plus
or minus 5 percent BF for an individual with a body density of 1.05 g/ml.
These errors can be compounded due to reported greater variations in body
water amount and bone mineral content among individuals with differences
in age. race. and gender, which atfect body density. Also. individuals who
are physically fit tend to have higher bone mineral content and as a resul:.
may have artificially low percent BF values when calculated using Sirt's
equation.

USING A FOUR-COMPARTMENT MODEL
FOR STUDIES OF BODY COMPOSITION

The problems of estimating body composition can be improved by using a
four-compartment model. which is now considered necessary for studies de-
termining body composition. The equation tor this model is as follows:

1/D = F/dt + TBW/dw + B/db + (',

where 1/0 15 the sum of the volumes (fractions of weight/density) for tat
t£). total body water (T8W). total bone mineral (B) and protein plus
small amounts of nonosseous mineral and glycogen (O).

In comparison to the two-compartment model. the volume of FFM iy
broken into three constituents: water. bone minceral, and protein.  Other
nonosseous minerals and carbohydrates that are only a small fraction of
FEM (about 1.5 percent in young adults) are lumped together with the
protein fraction. Water s the largest traction of the fat-free body and is
assumed to be about 73 percent of the fat-free volume m voung adults.
However, studies show that this percentage 1s somewhat higher in women
and ancreases with levels of adiposity (Noppa ¢t al., 1980: Pierson ¢t al..
19820 Steen et al., 1977, 1979). An increase in the amount of water will
decrease the overall density of the FEM, but an increase in bone mineral
content will increase the density. The fraction of FEM composed ot pro-
tem. nonosseous mineral. and carbohvdrate 15 assumed to be relatively con-
stant. but because of changes in these body tissues, sach as an increase n
connective tissue with age. and possible gender and racial difterences, this
assumption may be questionable. Betore this model can be applied wadely,
howeser. it s necessary to establish the amount of ditterence among gender
and racial groups that exists i the densities of the body components. With-
out this information, extimates or predictions of body composition will be
subject to signitficant errors of unknown magnitude when apphed to unrep-
resentative samples. Thus, our knowledge of body composition is Iimited
when applicd to women or members of non-White racial or ethnic groups.
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ASSOCTATIONS AMONG BODY COMPOSITION,
DISEASE AND DEATH

Bone

Until recently, bone has been the largest unknown in body composition
due 1o our inability to quantity it accurately and noninvasively. The associ-
ations among bone and disease or death are not ones that usually affect
individuals in the age range of most military personnel. With the use of
DEXA. however, the potential exists for identitying young adults with low
or talling amounts of bone mineral content or bone density who are at risk
for osteoporosis or tractures due to physical stress in their military occupa-

tional specialty.

Fat-Free Mass

Differences between individuals 1n the quantity and quality of FFM
result in vanations in physical ability and performance. However. there is
little or no intormation that associates FFM with discase or death except for
the changes that occur during weight loss or in association with ecating
disorders. With greater numbers of women in the military. the incidence of
cating disorders and dieting problems could be expected to increase. These
problems can be associated with potentially harmful losses of FFM in some
individuals.  Individuals who gain FFM or attempt to lose BF should be
muade aware that changes in FEM are accompanied by concurrent and corre-
sponding changes in adipose tissue. The link in these changes may be due
o the extragonadol aromatization of androgens to estrogens in muscle as
well as adipose tissue (Segal et al.. [987).

Excess Adipose Tissue

The vast majority of the associations among body composition and
morbidity and mortality refate to excess adipose tissue or fat. The main
impact of these associations tends to be on the cardiovascular system, al-
though the cffects on an individual can be modified or compounded by
environmental and genetic factors. Fat or lipid is a pervasive component of
the body . but in regard to morhidity and mortality, it can be viewed more in
terms of amounts and distribution of adipose tissue and ot the concentra-
tions of vanious hipid molecedes in the blood. High concentrations of total
cholesterol tnghvcendes, and the Tow -density lipoproteins are sigmficantly
assocrated with the occurrence of cardiovascular disease and increased risk
ot death due to myocardial infarction or stroke (Angel and Roncari, 197%:
Brav. 1987: Hubert et al.. 1983,
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Adipese tissue is either subcutancous or internal. The location ot the
tissue may be associated with the type of lipid stored. the metabolic activity
of the tissue, the size and number of adipocytes. its response to diet and
age, and its ease of measurement (Bray, 1987 Kaplan, 1989). The amounts
and distribution of subcutancous and internal adipose tissue are related to
an individual’s risk for cardiovascular disease. diabetes mellitus, hyperten-
sion, and some forms of cancer (Haines et al.. 1987 Kaplan. 1989; Larsson
et al.. 1984: Selby et al.. 1989: Shunokata et al.. 1989: Sparrow et al.,
1986). Many of these associations are contounded by the effects of smok-
ing. diet. levels of physical activity, and genetic susceptibility.

Measuring Bodv Fat

The simplest measure of BF is weight. Individuals with above normal
weights for their age and stature tend to have greater than normal levels of
BE cither in absolute amounts or in the percentage of the body that is fat
{percent BF). These individuals are considered overweight and obese. but
there can also be individuals who are overweight and not obese and individ-
uals who are not overweight but are obese. Other convenient measures or
indices of obesity are weight over stature squared or the body mass index
(BMI). skinfold thicknesses, and ratios of body circumferences. There are
numerous reports of the statistical relationships between body weight. refa-
tive weight, skinfold thicknesses, weight for stature, or the BMI and risk for
cardiovascular disease. In most of these analyses, the data have come from
large population studies such as Framingham. the first and second National
Health and Nutrition Examination Surveys and several large insurance in-
dustry studies (Donahue et al.. 1987 Hubert et al., 1983: Keys. 1989: Neser
ct al., 1986: Selby et al.. 1989). All of these indices, however, do not have
the same relationships with risk tor disease or death. There is sull some
controversy depending on the measurement used. on the person’s age. and
on smoking habits.  Those individuals with extreme levels of BMI are at
risk. and those individuals with significant weight gains are at increased
risk. Recently, Segal and coworkers (1987) reported that weight and BMI
are not as important for the individual as it would appear. Weight and BMI
are useful measures to describe levels of obesity indirectly in large samples,
but for the individual. the amount and distribution of total BF is indepen-
dently related to cardiovascular disease risk factors (Segal et al., 1987,

Distribution of Bodv Fat in Adults

Vague (19561 first reported that in adulis the pattern ot adipose tissue
distribution differed by gender and that the masculine distribution was more
closely related to endocrine and metabolic diseases.  In the early 19805,
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these facts were noticed again by Kissebah and coworkers (1982) who relat-
ed the adipose tissue distribution or the waist-hip ratio to levels of cardio-
vascular risk. This ratio attempts to describe an individual with a large
waist circumterence compared to a small hip circumference. that is, the
masculine type. with the converse consisting of large hips to a small waist,
or the feminine type. The masculine type or centripetal form tends to be
produced by large deposits of internal adipose tissue, while the feminine
type is due to large deposits of subcutancous adipose tissue. This simple
difterence between internal and subcutaneous adipose tissue deposits is also
related to differing levels of risk. The masculine or centripetal pattern is
strongly associated with increased glucose intolerance resulting in non-in-
sulin-dependent diabetes. heart disease. hypertension, and stroke and an
increased risk for premature mortality (Bray, 1987: Donahue et al., 1987;
Haines et al.. 1987; Larsson et al., 1984; Seidell et al.. 1985: Selby et al.,
1989, Individuals with the masculine pattern tend to have increased con-
centrations of saturated fat within the internal adipose tissue deposits. high-
er triglycerides. and lower high-density lipoprotein (HDL.) cholesterol blood
levels regardless of their gender (Baumgariner et al., 1987: Kaplan. 1989:
Leclere et al.. 1983 Sedgwick et al.. 1984: Segal et al., 1987: Wing et al..
19x9). Tt has also been observed that smokers, even though they may be
thin. have a greater waist-to-hip ratio than do nonsmokers who may have
higher body weights. Upon the cessation of smoking. the body configura-
tions of the smoekers tend to move toward that of the feminine pattern with a
smaller waist-to-hip ratio (Shimokata et al., 1989).

The primary problem with the use of the waist-hip ratio has been in
measuring the circumferences at accepted tocations. Much of the literature
is vontusing because someone’s waist measurement is someone else’s hip
measurement. If the ratio is to be used, suntable tandmarks for the measure-
ments need to be ideatified and adhered to strenuously.  Fortunately. the
assoctation between waist circumference and internal adipose deposits has
been contirmed by computed tomography (Baumgartner et al., 1988: Kvist
ct al.. 1986). The increased availability of MRI combined with spectro-
graphic analysis will provide turther detail about the amounts and chemical
content of internal adipose tissue. Thus, it appears that one of the major
problems ot BF and disease is primarily one of the deposition of internal
adipose tissue. Upper body . centripetal. or masculine type of adipose tissue
deposition is the major contributor to the risk of overweight or obesity.
With weight reduction, and corresponding decreases in the amounts of in-
ternal adipose tissue, many of the risks for cardiovascular disease are re-
duced accordingly.

Much ot the work relating fat patterning and risk for disease has in-
volved White women. There are only a few studies of men or Blacks
except what has been reported from the national health surveys. There are
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possible ethnic or racial differences in the levels of thresholds for risk or in
the patterning of adipose tissue. These ditferences are being explored in
Mexican-Americans where the waist-hip ratio is the preferred measure, but
skintold thickness ratios may be significant (Haffner et al.. 1986, 1987;
Reichley et al., 1987). Because of the diverse ethnic background ot U.S.
military personnel, the use of any single criterion for risk should be dis-
cussed caretully.

SUMMARY

Body composition is an interdependent. multifaceted quantity. It is not
yet possible to describe and quantify the tissues in the body with consistent
levels of accuracy. It is hopetul that in the near future this goal will be
attained i laboratory settings, but ciinical or field procedures may remain
refatively inaccurate and subject dependent. One can. however, determine
when the distribution of tissues in the body s composition shitts toward a
greater-than-normal level of fat or adipose tissue.  In an individual with
such a condition, the risk for disease and carly death increases, but the
magnitude of the shift relative to the threshold for the increased risk s
affected by the age. gender, race. and hving habits of the individual. Some
ot this change may be a normal manifestation of age. but it is evident that
increased amounts of nternal adipose tissue in the abdomen put one at the
gereatest health nisk.
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Critique of the Military’s Approach
to Body Composition Assessment
and Evaluation

Henry C. Lukuski

There are many reasons for assessment and evaluation of body compo-
sition of military personnel. One purpose is to provide objective standards
tor recruitment and retention of personnel.  Other purposes include the
maintenance of appropriate physical appearance. optimal performance un-
der combat conditions and health. Thus, body compostion assessment and
evaduation are amportant and necessary to meet the duties and responsibili-
ties of the Armed Forees,

APPROACHES

Because of the large numbers of military personnel that require hody
composition assessment, any approach must acknowledge and balance the
tactors of practicality, reliability and accuracy of measurements, time re-
quircments, and skill required by the test administrator. These constraints
led to the use of weight-for-height tables. Currently. cach branch of the
Armed Forces uses gender-specitic weight-for-height tables both for re-
cruttmen’ and retention. Interestingly . the target values are different for
recruitment and retention, except for the U.S. Air Force (Table 11-1). Whether
these discrepancies retlect true ditferences in requirements tor physical de-
mands or historical precedent is unknown.

I an individual tails to meet the weight-for-height guidelines, an evalu-
ation of body composition is performed by using either body circumterence
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TABLE 11-1  Weight Standards tfor Recruitment and
Retention of a 70-Inch Man in the ULS. Armed Services

Body Weight (b

Recruitment Retention ntference
Army 215 tv2 23
Nuvy R 192 23
Manne Corps 21 194 17
Alr Foree jad 192 N

SOURCE Adapted trom U.S. Department of Detense (19K

measurements (AR 600-9, 1986; Hodgdon and Beckett. 1984a.b: Vogel et
al., 1988 Wright et al., 1981) or the combination of skinfold thicknesses
and body circumference measurements (Clark. 1976). Each of these anthro-
pometric approaches relies on regression equations to predict percent hodyv
fat (BF). As shown in Table 11-2, similar variables (neck and abdominal
circumferences) are found in the currently used equations, ~

The estimated percent BE values are then compared 1o BF ~tandards to
determine whether an individual has excess BEF. The U.S. Army BF stan-
dards are presented in Table 11-3. More stringent Department of Defense

TABLE 11-2  Variables Used to Predict Body Composition of U.S.
Military Personnel

Gender of

Source Sample Vartables

.S Aar Foree
Clark (1976 Men Fengths of humerus. radius. acronnon, e crest,

patelia and tibiac circumterences ot tiexed biceps,
forcarm, chest, waist, buttocks. thigh, and calt.
skinfold thickness at triceps. scapula. supra thiag
crest. and calts and fat density multnplicd by

number of limbs measured

(S0 Navy

Wripht et al (1981 Men Neck and abdominal circumterences
1S Navy

Hodgdon and Men Neck and abdominal circumierences. height

Beckett (19%4ah)

Wonten Neck. abdomimal and hip circumterences: herght

LS Ay

Vogel et al (19XX) Men and Neck and abdomina! crrcumicerences: height

Waomen
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TABLE 11-3  Mavimium Allowable Percent Bady Fat
Standards 1 the ULS. Army

Age Group ivearss

1720 2027 R >0
Moen 20 22 24 26
Women N 3 M NS}

SOURCE: Adapted trom AR 600-9 (TYX6)

suidehines indicate goals of 20 percent BE for men and 26 percent BF for
women (AR 600-9, 19K6).

DISCUSSION

The military program ot body composition assessment and evaluation is
ambitious and very challenging.  Any critique of the current program needs
to address 1ssues chat are philosophical and technical.

It oas unclear from the available literature whether the military body
composition program intends to establish norms and standards for the indi-
vidual or tor the armed forces as a whole.  With the current system of
weight-tor-height tables. body circumicerence measurements, and an allow-
able increase of 2 percent BF standards per decade of age, it appears that
population assessment methods are used for sereening. and individual stan-
dards are used for evaluation. Thus. the basis for establishing the percent
BE norms needs detailed examination and probably revision.

Weight-for-height tables have gained considerable use by the civilian
American population. To generate national weight standards requires infor-
mation on a large group of individuals. One approach was to use data on
weight and height from the insurance industry (Society of Actuaries. 1959,
1980a.b).  Although these surveys supply data on weight and height for
nearly S million people. they suttfer from the extreme bias of self-selection.
A second data base has been generated by the National Center for Health
Statistics tAbraham et al.. 1983). which developed weight standards for
naight by plotting the normal distribution ot weight-for-height. This distri-
bution was arbitrarily divided into overweight and severely overweight.
Overweight was defined as those persons exceeding the eighty-fifth pereen-
tile of weight-tor-height and used as a reference the weights of men and
women between 20 and 29 years of age. Severely overweight was consid-
cred as greater than the ninetyv-fitth percentile. The major drawback of this
approach is that the standard may change as the weight distribution of the
population changes.
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Weight-far-height standards can also be based on the lowest overall
risk 10 health. For example, the nnnimal death rate in several prospective
studies was associated with a body mass index (BMI1) of 22 to 25 kg/m™:
also, the BMI associated with the fowest risk of death increused with
age (Andres, 19835). A World Health Organization (1987) group suggested
that a BMI range of 20 to 30 kg/m? was associated with a modest risk of
mortality.

Another approach to detining healthy weights was taken by a Canadian
review group (Health Promotion Directorate. 198%). They labeled as “good
weights for most people™ the body weights associated with @ BMI of 20
to 25 ky/m*. Individuads with @ BMI of less than 20 kg/m-=. as well as
those with a BMI of 25 to 27 kg/m . were considered to have an increased
health risk.

Currently available weight-for-height tables do not take into account
ethnic or racial differences. morbidity. and mortality in the distribution ot
weight-for-height, Efforts are in progress to develop race-specific weight-
tor-height data dbstributions for Black., Hispanic. and Asian Americans
using the limited data available.

The bases for the derivation and application of weight-for-height tables
in the military need examination. What criteria have been used to establish
the tables currently in use? I the tables were constructed from statistical
analvses assuming normatly distributed weight-tor-height data and by using
arbitrary cutoff points. the ranges ot acceptable weights are biased by
changes in the secular distributton of weoght-for-height. Furthermore, these
estimates may not include any consideration of the criteria of health, ethnic-
iy, or performance.

The current weight-tor-height standards differ for recruitment and re-
tention. The ditferences are large (see Table 11-1) and represent unrealistic
voals for weirght loss, independent of body composition change. that are
attainable during recruit training. It iy reasonable to suggest that these
differences be resolved.

Any attempt to revise weight-tfor-height tables for military use needs to
include such factors as gender. ethnicity. performance. appearance, and health,
Realistic consideration of attainable changes in body weight and body
composition during recruit training should be included in derving weight
estimates for recruitment and retention of military personnel.

Evidence from the military application of anthropometric approaches to
predict densitometrically determined body composition variables indicates
that models for predicting percent BE by using either skintolds and body
circumferences (Clark. 1976) or neck and abdominal circumferences {Hodg-
don and Beckett, 1984a.br Vogel et al., 1988) yicld biased estimates of
hody composition. That is. the equations overpredict body fatness for the
lean individuals and underpredict fatness for the obese. This bias or crror
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may be attributed to either errors in the biological assumptions assoctated
with the densitometric and/or anthropometric methods, technical errors of
the measurements or a combination of these two factors.

One critical issue tor establishing normative standards for the military
i~ ethnic or racial differences in body composition. There is accumulating
evidence that distinet differences exist in body composition both within and
among ethnic groups, and these observations indicate the nced for race-
specitic standards.  To date. this approach has not been adopted. but it
appears to be necessary for the development and validation of useful body
composition prediction equations.

The potential impact of the problem of ethnic or racial differences in
body composition is magnitied by the use of inadequate reference and can-
didate measurements of body composition. Currently. underwater weighing
or hydrodensitometry is the reference method used in body composition
surveys of military personnel to develop anthropometric models. This ap-
proach uses the two-compartment mode! to assess BF content (Lukaski,
1987).  Unfortunately. bone muneral density or content is an unmeasured
variable that has the potential to significantly bias the BF estimate. Bone
mincral density. which has been shown to be greater in Blacks than in
Caucasians (Cohn et al., 19773, greater in men than women (Cohn et al..
1977). and possibly reduced in Asians, has not been measured in any of the
previous surveys. Using extrapolations from data on children (Lohman et
al.. 1984), the estimate of this error can be as high as 5 percent. Thus,
failure to correct body density measurements for individual differences n
bone mineral density can result in overestimates ot BF.

With regard to the densitometric equipment used in previous surveys.,
investigators should modify existing apparatus to perform measurements of
restdual Tung volume while the volunteer is immersed in the water. 1t is
well established that conditions such as obesity are associated with a sigmt-
icant reduction in fung comphiance and reduced pulmonary ventilatory ¢a
pacity (Bray et al., 1977). The principal ventilatory variable that is reduced
is the expiratory residual volume, whether expressed as a whole nwurber
or as a fraction of the vital capacity (Bartlett and Buskirk, 1983). ".rcause
this impairment appears to be a continuum over the range of bouy fatness
from lean to abese, it would be prudent to measure residual tung volume
rather than estimate it using standard equations or tables. Failure to do so
may result in an overestimation of body volume, an underestimation
of body density and an overestimation ot BF (Lv' aski, unpublished
observations).

The selection of appropriate anthropometric measurements (hody cir-
cumferences and bone diameters) and skintold thickness sites is a challeng-
ing process. However, the avatlability of a carrent reference manual (Loh-
man ¢t al.. 19%8%) should be usetul.  Nevertheless, an important issue is
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190 HENRY C 1.1 KASKI

the biological basis for using skinfold thicknesses and anthropometric
measurements.

Although mcasurements of bone diameters. limb circumterences. and
skinfold thicknesses have been used to derive prediction models for esti-
matimg body density and percent BE. this approach has generally been limit-
«d by population-specific prediction models (Lukaski. 1987). This point
was recently reinforced by the findings of Hodgdon and Beckett (1984u.b)
and Vogel et al. (1988) with military groups.

The limitation of using skinfold thicknesses to predict BF is found in
the basic assumptions of this approach. It is generally assumed that the
subcutaneous adipose tissue reflects a constant proportion of the tctal body
adipose tissue and hence tat.  Also. the sites selected for measurement
represent the average thickness of the adipose tissue and thus are the best
predictors of BF. Neither of these assumptions has been validated (Lukas-
ki, 1987). Furthermore, the validity of such assumptions is dubious hecause
of the extremes in distribution ot body adipose tissue in the population.

fn addition to the theorctical limitations of using skinfold thicknesses
to predict BF. there also exist some practical concerns.  The within- and
between-observer variability in determining skinfold thickness can be great-
er than 5 pereent (Burkinshaw et al.. [973: Jackson et al.. 1978). Thus.
trained and cernfied specialists are required. In addition. most prediction
equations based on skinfold thicknesses are population specific (Edwards.
1951: Jackson, 1984; Lukaski, 1987). These tactors {imit the use of skin-
fokd thickness measurements for precisely and accurately estimating body
composition in the heterogencous military populatton.

In contrast to the interobserver error m skinfold thickness measure-
ments. the measurement ot body circumferences is more reliable (Lohman
et al., 198X, Unfortunatelyv. this approach still sutters from population
speaiticity in the development of prediction equations.

Stanistical approaches for the development of prediction models need
some consideration, Using power analysis to assess sample sizes tor various
racial groups based on estimates of both technical errors of the instrumenta-
tion and hiological vanabibty in the chemical composition ot the tat-free
mass (FFM) would enhance the probability of developing valid predicnion
cquations,  Furthermore. stepwise multiple regression analysis and factor
analysis are needed to describe the most important predictor variables tn the
model.

An appropnate design for cross-vahdation of the candidate mode! is
also needed. It s necessary to develop the prediction equation in one
sample and then to cross-vahdate it in an independent sample. This ap-
proach has been used in previous cross-validation trials of equations de-
rived in muhtary persennel (Hodgdon and Beckett, 1984a.b: Vogel et al..
1ORY).
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TABLE 11-4  Variability Estimates for Prediction Models and
Cross-Validation Trials for Estimation of Percent Body Fat in U.S.
Military Groups

Standard Error of

the Estimate (percent body fat)

Sex of
Source Sample Model Vahdaton
Hodgdon and Beckett (19%3aby - Men 3.82 2.7
Women 372 4.36%
Vogel et all (198%) Men 4.02 37+
Women 3.60 34

*Statnstically significant (p < 0.05) difference between predicted and measured

values

Another statistical analysis that would be appropriate is a determination
of the directional bias of the error relative to the magnitude of the measured
and predicted variable. This approach for cross-validation of values whose
accuracy 1s unknown was proposed by Bland and Altman (1986). It in-
volves the graphical representation of the residuat scores plotted against the
mean of the measured and predicted values. This is the appropriate statisti-
¢l approach for cross-validation of the derived model.

The variability of the distribution of the relationship between measured
and predicted percent BF values from the military trials using neck and
ahdominal circumtference measurements and height is summarized in Table
11-4. 1t as clear that the standard errors of the estimate of percent BF are
quite large and exceed the theoretical precision of the densitometric method
(Lohman, 1981). These data indicate that the models are adequate tfor
assessments of percent BF in population groups but are inadequate for
individuals.

CONCLUSIONS AND RECOMMENDATIONS

Presently. the available anthropometric equations for estimating percent

BE in the 11.S. military are not valid for assessing body composition of

individuals. This conclusion may be due to technical errors in the densito-
metric method. differences in the chemical composition of the fat-free body,
the lack of specificity of the anthropometric measurements used in the pre-
diction model. or a combination of these factors.

In retrospect. the major limitation of using regression equations to pre-
dict human body composition is the reliance on a mathematical equation
derived in one group to predict a variable in another individual who may be
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a member of another group. This approach is susceptible to factors that can
adversely intluence its validity tor estimating body composition of the indi-
vidual. It factors such as ethnic differences in the bone density and BE
distribution can be assessed and improvements in the technical measure-
ment of the body can be made. perhaps an improved and more sensitive
assessment and evaluation ot body composition in the military population
can be achieved.

These difficulties can be addressed and controlled by the following
recommendations.

« Use current and technically accurate methods and equipment for den-
sttometry and anthropometry.

» Use a multicompartmental model of body composition. and include
measurements of bone mineral density (regional and total body) to correct
apparent whole body density obtained by underwater weighing.

» Use appropriate statistical methods to determine appropriate sample
sizes for model development and cross-validation.  Calculations for sampie
sizes need to include esti nates of techmical and biological variability ot
measurements.

» Use stepwise multiple regression analysis and factor analysis to de-
velop the prediction model.

+ Establish the need or lack of need for race-specitfic prediction models.

o Ascertain the vahidity of the model or models to determine change in
body composition after weight loss.

» Establish practical and valid criteria for implementing the new model(s)
in the .S, military environment.
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DEFINTTION OF OBESITY

Clinicions commonly detine obesity as a body mass that exceeds the
actuarial “ideal™ value by a specified margin such as 10 or 15 pounds (5 10
7Kgy However this is not an entirely appropriate basis of assessment from
an ergonomic point of view. First, the goal ot the clinician when diagnos-
ing obesity s to detect an increased vulnerability to chronic discase (Table
12-1). Thus, groups such as the Society of Actuaries (1959) have expressed
the mortality from a variety of chronic conditions and diseases as a percent-
age of the “standard™ mortality values observed in subjects of the same age
and sex who had an “tdeal”™ body mass relative to their height. Notice that o
substantial increase of vulnerability develops only when there is @ major
cxcess of hady mass tand by inference a major excess of body taty. More-
over. loss of production from morbid obesity and the resultant chronic dis-
orders has a relatively minor impact upon the performance in the voung
adubts of w military labor force.  In contrast to the threshold of fatness
required for a chinical diagnosis of obesity. most aspects of occupational
pertormance tend to be continuous functions of body composition. Further-
more. the energy cost of most tasks depends not only on total body mass.
but also on the nature of this mass (muscle or faty and—it the person is
burdencd by an cxcess of tat--on its distribution (deep or superticiab).

A possible method for defining body fatness is to compare hyvdrostatic
estimates of body fat content with those observed in a person of ideal body
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TABLE 12-1  Mortality ot Obese Subjects, Classified by
Condition or Discase. and Expressed as a Percentage of Standard
Values tfor Subjects of the Same Gender, Aged 15 to 69 years.

Percent of Standard Values of Mortality
ot Matched Controls

Men Women

Eacess Werght Excess Weight
Condition 2424 ke 2 +33 hy > +2¥ kg >+ 37hg
Dhrabetes 179 REN 270 242
Cerebrovascular disease 136 IR3 143 142
Heartscircufation IR 133 178 17K
Prncumonia/tiy 128 143 148 1o
Digestive diseases 147 197 140 200
Kidney diseases (B2 23 CR 122
Accident/homicde 109 [26 X3 s
Suiende 71 104 17
A causes 12, 145 130 13%

SOURCE: Based on date of the Society of Actuaries (19590 Previoushy
published and reprinted by permission ot Greenwood Pubhishing Group, Inc..
Westport. CTL tfrom Physiology and Biochcomstry of Exercise by Roy Jo Shephard
(1982

mass. One study of military recruits arbitrarily set the upper hmit ot ideal
vilues at 14 percent body fat in men (Amor. 1978). although the same
author’s data apparently suggested that 16.8 percent fat would correspond
with the upper limit of the actuarial ideal body mass. Taking the 14 pereent
ideal figure for the men, and the 18 pereent ideai body tat for the women,
this wonld impl. respective ideal fat masses of 10 and 11 kg in the two
genders, Applying the clinical criterion of obesity, those men with a 5 kg
cxcess of fat (the obese) would have 21 percent or more fat. and the women
would have 27 percent or more fat. Some 50 percent of the male soldiers
studied by Amor (1973) ¢ceeded the actuarial ideal of body mass. The
proportion of those who exceeded his arbitrary criterion of obesity (18
percent of body mass in men) increased with age (Table 12-2) but was
unrelated to the physical demands of employment (Table 12-3).  Those
wham he classified as obese nevertheless tended to have a poor maximal
oxvgen transport. particularly if this was expressed in ml/kg x minute
(Table 12-4). Thus. for military purposes an obesity threshold of 18 per-
cent fat in mon nd perhaps 24 percent fat in women scems preferable to
the clinical criteria of 21 percent and 27 peccent fat in the two genders.

A second potential methed of identifving the obese is to measure skin-
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TABLL 12-2  Relation of
Chronological Age of Militarv Personnel
1o Gbesity in the British Army

Percentage Obese

Agen Years o (> 18 percent body fab
17y (702 32
20024 chloy RV
25290 (KOS 16
3034255 S6
S 39 (1N 62

"t = number ot personnel surveyed.
SOURCE: Amor (1978,

told thicknesses, ngain comparing the actual readings with the values ob-
served in a person meeting actuarial standards of adeal body mass (Shep-
hard. 19821 Average readings are about 10 mm in a male and 14 mm in a
woman of ideal mass.  Assuming that a double fold of the skin per se
accounts for 4 mm of the total skinfold reading (Shephard. 1991). there 15 a
superficial laver of some 5400 cm® of fat in the ideal man with a body
surface of 1.8 m” (4.8 kg of fat, assuming a density of 0.9) and %000 cm’ of
fat tn the ideal woman with a body surfuce of 1.6 m” (7.2 kg of fan.
Assuming also a 50 percent increase of subcutaneous fii i a person who
in clinicaily obese. the clinical threshold of obesity would be an average
shinfold reading of 13 mm in a man and 19 mm in a woman. However. it
the military threshold of obesity were 1o be set at the ideal body muss.

TABLE 12-3  Relation of Job Intensity
to Prevalence of Obesity amonyg Militar
Personncl in the British Army

Peicentage Obese
Job Intensity (m* (>18 percent ful)

Sedentary (383 83
[ight (L3R 42
Maoderate (1.2649) 38
Heavy R0y 51

*(n' = number of personnel surveyed.
SOURCE: Amor (197%)
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TABLE 12-4  Relation of Percentage of Body Fut to Percentage
of Brinish Army Personnet with Poor Acrobic Fitness

Percentage with Poor Acrobic Fitness

Bady Fat Percent on” tmanimial oxygen intake <35 mli/kg = mim
< sy 2
11 (728 s
13I8 Y
IN 22642 A
22 26 (390, 32
A

2h 124

T iny = number of personnel survesed.
SOURCE. Amor i [478).

as proposed by Amor (1978). the ceiling of militarily acceptable skinfold
reading would average about 1L mm in a man and [4 mm in a4 woman.

In summary. the standards for judging obesity in militarv personnel
should be more rigorous than those adopted for cliaical purposes: both body
fat dimits of I8 percent m men and 24 percent in women) and skinfold
readings (limits of 117 mm in men and 14 mm in women) should correspond
10 those observed in a person ol ideal body mass.

PERFORMANCE IN COMFORTABLE CLIMATES

Physical Performance

Physical pertormance may be classified simply into endurance activi-
ties. well exemplitied by prolonged marching with a backpack. and Tttting
tasks that are commoniy the hmiting factor in the front-line employment ot
military per-onnel (for example. the ability to Tift @ mass of 36 kg from the
ground 1o a height of 110 ¢m: Nottrodt and Celentano, 1984). The metabol-
ic load imposed by any given task retlects the sum of resting metabolism
plus the energy cost of the required activity (Shephard. 1974,

Rostine Metabolixm

Because of the etfects of body surface upon heat loss. resting metabo-
lisin s a power function of body mass M (Shephard. 1982

\v()‘ = (4‘4,” o8

However, a large part of the tat cell is occupied by metabolically inent
stared triglyeeride. Thus. the resting metabolism per unit of body mass 1~

.
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greater in a muscular than an a fat individual. Obesity also affects respira-
ton through mass loading of the chest: the obese person shows decreases of
lung volume, chest wall, and lung compliance that can precipitate a classi-
cal Pickwickian syndrome of hypeircapnia and hypoxia (Burwell et al.. 1956).
In partial compensation for the added respiratory work, the respiratory cen-
ters of the obese individual may show an increased sensitivity to hypoxia
(Burki and Baker. 19834) and in moderate but not in severe obesity there is
an increased sensitivity to carbon dioxide (Emirgil and Sobel, 1973: Nish-
thavashi et al.. 1987).

Fudurance Activities

Givont and Goldman (1971) and Pandolf et al. (1977) developed vari-
ous equations for the prediction of the energy cost of marching in fit young
recruits.  In general, these authors found that the metabolic cost is a linear
function of body mass and the mass of any backpack that is being carried.
Thus, a heavier person will spend more energy when marching, regardless
of whether the added body mass is attributable to muscle or fat. It the
normal expectation is that a 70-kg recruit will carry 30 kg of equipment.
then a person who is 10 kg heavier will immediately have a 10 percent
hardicap of endurance performance (Givon: and Goldman. 1971),

It the added burden is muscle. a heavy person may show some compen-
satory increase in their absolute maximal oxygen transport. and because the
active muscles are stronger. it may also be possible for the individual con-
cerned to operate at close to their maximal oxygen intake for a sustained
period. so that their endurance performance may approach that of a lighter
person. However, if the extra body mass is fat, there 15 certainly no com-
pensatory development of maximal oxygen intake: indeed. oxygen transport
is often poorer than in a hghter person, so that endurance performance is at
least correspondingly limited.  In moderate obesity. there is no change of
mechanical efficiency. so that the oxygen cost of walking per kg of body
mass is unchanged. However, if the obesity is extreme. a combination of
heavier limbs, awkward or impeded body movements, and increased respi-
ratory loading may give rise to a tow mechanical efficiency, with a further
restriction of potential performance (Dempsey et al., 19660,

Lifting and Carrving

The current Canadian military requirement is that recruits be able to lift
IX ke regularly and 36 kg occasionally to shoulder height (Nottrodt and
Celentano, 1984 The load normally lifted is thus about 20 percent of body
mass. and it ohjects are to be picked up from the ground. the resultant
displacement of body mass is a major fraction of the overall task. Brown
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(1966) suggested that the oxygen cost of most occupational tasks could be
described by an equation of the type

Vo, = A + B(M)y

where A and B are constants. and M is body mass raised to an exponent n
that varied from 0.75 to 1.0. Godin and Shephard (1973) suggested that
there might be merit in a three-term equation of the type:

Vo, = A + B(M"T5 + (M)

where A, B, and C are constants, M is body mass, and n is an exponent
varying from 0.1 to 0.2 in very light arm work to near 1.0 in heavy physical
tasks involving displacement of much of the body mass. The second term
in this last equation distinguishes the influence of body mass on resting
metabolism, a particular advantage in situations where a heavy. muscular
person is performing relatively light industrial work.

Another consideration is that the obese person is often characterized by
imsutin resistance and difficuity in mobilizing fatty acids (Pacy et al.. 1986:
Scheen et al.. 1983). If an endurance task must be sustained for a long
period, the function of such an individual may be impaired by a depletion of
glveogen reserves.

With a hifting task. the factor limiting performance is usually muscular
strength rather than maximal oxygen intake: thus. if body mass is increased.
it becomex critical whether the added load is due to muscle that can provide
a compensating increase of strength or to fat, which merely increases the
overall mass of the system.

Underwater Activity

Underwater activity is a special case where it is an advantage to be
somewhat obese. both from the viewpoint of thermal insulation and also
because of the resultant increase in buoyancy. Heavy. muscular individuals
often have substantial difficulty swimming over long distances. because
they must exert much greater effort to remain afloat, and a less horizontal
leg position also decreases the mechanical efficiency of their swimming
(Shephard et al.. 1973). However, the person who lacks a normal amount of
body fat can compensate for this handicap by keeping the lungs relatively
well filled with air while swimming.

Size Problems

A tinal consideration is that many military work stations, such as air-
craft cockpits, tanks. or submarines, have limited space for the human oper-
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ator. A grossly obese person may be handicapped when working in such a
situation because body size exceeds the available clearances.

Poor Health

Minor sickness and absenteeism are common sources of poor perfor-
mance in all kinds of occupation. Among government employees. 10 of
220 working days are commonly lost through absenteeism cach year, and an
unpredictable need for well-trained replacements adds some 8 percent to
payroll costs (Shephard. 1986). Given the well-recognized actuarial associ-
ation betwecn ohesity, chronic disease. and premature death. possible rela-
tionships between obesity, absenteeism and increased iliness should be ¢x-
amined in military personnel.

Bardsley (1978) has commented on a substantial cost to the armed
services from “diseases of choice,”™ where risk is influenced by lifestyle—
conditions such as myocardial infarction, bronchitis, emphysema and alco-
holism (Table 12-5). As shown i this table, in 1973, the Canadian forces
expended $5.9M for replacement of the dead. $5.8M for replacement of the
released, $12.4M for those who were hospitalized. and $1.5M for those
who were on sick leave due to “diseases of choice.™ However. much of this
expense 15 related to the adverse health etfects of smoking and alcohol
abuse rather than to the adverse consequences ot obesity: a substantial ex-

cess body mass (20 to 30 kg) is needed for an appreciable increase of

morbidity from back problems and of deaths from such diseases as coronary
atherosclerosis and diabetes (Society of Actuaries. 1959). Moreover, the
economic impact of obesity-related morbidity and mortality would be great-
est in older members ot the labor force, after the normal time of retirement

TABLE 12-5 Estimated Monetary Costs
Incurred by the Canadian Forces in 1973 (19723
Canadian dollars) Due to Diseases Assoctated
with Choice of an Adverse Personal Litestyle

Cost (% million)

Replacement of the dead 589
Replacement of the refeased S.%
Hosputalization + Tost wages 124
Wages of those on sick Jeave 1.5
Totat 25.6%

*This cost s spent on a labor force of about 80.000
military personnel,
SOURCE: Bardsley t197%)
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from the armed services. Finally, many of the absences from work among
vounger individuals are attributable to causes other than organic discase.
and such personnel would be unlikely to respond to the correction of obesi-
tv or indeed to any other form of medical treatment (Williamson and Van
Nicuwenhuijzen, 1974). While there remains scope for more detatled anal-
yses of the economic impact of “diseases of choice.™ at first inspection it
thus seems much more important to correct smoking and an excessive con-
sumption ol alcohol than to attempt a reduction of body fat in nlitary
personnel.

OTHER IMPLICATIONS OF OBESITY

Image ts an important aspect of cffectiveness in many organizations,
including the armed services (Shephard. 1986). Obese personnel do not tit
the public image of a soldier. and it seems logical that for this reason they
will weaken the military effectiveness of a unit, although there has been no
experimental examination of this point.

Baun et al. (1986) have further commented on an association between
achievement orientation and personal fitness. By selecting personne! who
meet specified standards of bodyv composition and physical fitness, a unit
may be enriched by the recruitment of premium personnel.

HOT AND COLD ENVIRONMENTS

Because heat exchange is proportional to body surface area, tolerance
ot hot and cold environments may be influenced somewhat by the ditterene-
es of body surface arca between a tall. thin ectomorph and a short. fut
endomorph. Indeed. at one time anthropologists sought to explain the colo-
nization of hot and cold regions in terms of body lincarity. the so-catled
“rules™ of Bergmann (1847) and Allen (1877). However. the effects of
body form are at most ot secondary importance in a normal working popu-
lation.

The main impact of obesity on thermal balance comes trom the added
insulation of subcutancous tat (Shephard. 1985). although an increased con-
striction of subcutaneous blood vessels may turther augment the insulation
of a fat person (Jequier et al.. 1974y and there are also etfects of body fat
stores upon cold-induced thermogenesis. It has been shown that a 5§ kg
accumutation of fat mayv add 1.5 mm to the subcutancous fat laver of a man

and 2.5 mm to that of a woman. The functional value of this thin layer of

tat can be gauged trom the importance that distance swimmers attach to
covering their skins with a few mm of grease. At rest, the thermal gradient
across a layer of superfictal fat is only about 0.15°C/mm. but the msulating
cffect i proportional to heat flux. Thus, when a person is working at 10
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times the basal metabolic rate, there will be a 10-fold increase of thermal
gradient, to about 1.53°C/mm of superficial fat (Pugh et al.. 1960). Assum-
ing an energy expenditure of 10 METS (the ratio of observed to basal
metabolism) and a uniform pattern of heat loss, a woman who had accumu-
fated S kg of body tat. with a resultant 2.5 mm increase of the subcutancous
fat laver. would have a subcutaneous temperature some 3.8°C higher than a
person of ideal body composition.

[t might be thought that a thick layver of subcutancous fat would be an
advantage when adapting to a very cold climate. Certainly skin tempera-
tures drop 10 a lower level in the obese before their metabolism is stimulat-
cd (Wyndham et al.. 1968), perhaps because of an altered setpoint in the
hypothalamic thermal regulators (Zahorska-Markiewicsz and Straszkiewicy,
1987). although this change has adverse consequences for manual dexterity.,
The very low skinfold readings of traditional Inuit (Rennie, 1963: Shep-
hard. 1978) is one strong argument against the view that fat accumuliation
has any great adaptive value in the cold. 1t is only with acculturation to
“western” civilization that body fat has accumulated (Rode and Shephard.
1984). The main problem of the fat person who is living in the arctic is that
the extent of insulation cannot be reduced once physical work s begun: in
fact. because of the increased heat flux. the effectiveness of any msulation
is actually increased during work. Body temperature thus rises to the point
where sweating is imtiated: this wets the clothing from within, largely de-
stroving its insulation, and the individual rapidly becomes hypothermic when
a rest-break must be taken.  In contrast. a traditional Inuit hunter with 4
very thin laver of subcutaneous tat is able to conserve body heat by using
shilltully fashioned clothing that provides up to 11 CLO! units ol insulation
(Burton and Edholm. 1969).

Once fascinating feature shown by military personnel who have recently
arrived in the arctic is an increased metabolism ot tat. Both field observa-
tions and laboratory crossover trials have shown that a given amount of
activity produces a fat loss in the cold that is not mirrored 1n a wurm or
temperate environment (O Hara et al.. 1978, 1979). Reasous for this fat
foss are stitl not entirely clear. Contributing tactors include energy lostin a
substantial ketosis, small increases in the energy cost of movement due to
the weight and hobbling effect of arctic clothing, and a possible cold-in-
duced stimelation of resting metabolism: it remains unclear whether this
last response occurs through residual brown fat (Huttunen et al.. 1981y or

Flhe CLO umie was orrginally defined as the msulation provided by British indoor clotnny
It s now detmed notermis of the thermal gradient trom the skin o ambient wr o/ Ta, U0,
the body suitace area (s amd the heat Toss th’houns; therefore, CLO umits = 0,75 o)
m K] pee o
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TABLE 12-6 Effecis of a 2-mm Increase in
Subcutaneous Fat (a 4-mm Increase in
Skintold Readings) on the Performance of
Physical Work in the Heat

Intensity of Work Core Temperatures Work Rate
thdimim 1°CH* (percenny’
Light 1< 14 +0.8 -1
Muoderate (<23 1.2 -17
Heavy (< 3N) 2.0 2K

“Iwork-rate s unchanged

"I core temperature s unchanged

NOTE: It v assumed there s an nitial thermal
eradient of 7°C from the body core (o the environment.

SOURCE: Based ona concept of Pugh et al. (1960

the initiation of tutile metabolic cveles in other tissues.  Interestingly. it
seems casier to produce the fat loss in obese men than in those who are
initially shim (O Hara et al.. 1978%). and 1t s also more readily deveioped in
men than in women (Murray et al.. 19863, Perhaps fat stores in women are
more stable. in order to meet the demands of pregnancy and lactation.

Obese subjects have difficulty undertaking vigorous work in a hot envi-
ronment. partly because they must expend more energy to complete a given
task and partly because insulation iy increased by the thicker layer of super-
ficial fat. One potential method of restoring thermal balance in the obese
person s a greater relative increase «. skin blood tlow during exercise.
However o if blood is directed to the sk it cannot be directed elsewhere—
to the working muscle and the braim. The peak oxygen transport and peak
power output are thus reduced in the heat. The obese person works more
stowly than a shimmer peer. or it pace is maintained. collapse occurs carlier
than in a thin subject. One recent calculation suggested that with an initial
thermal gradient of 7°C trom the body core to the environment, the core
temperature would rise by an additional 0.8 to 2.0°C 1t a person with an
additional 2 mm ot subcutaneous fat undertook industrial work (Shephard.
1987 Table 12-6): conversely, it the rise of core temperature were to be
avorded by a <lower rate of working, it would be necessary to reduce the
work-rate by 11 to 28 pereent.

CONCLUSIONS AND RECOMMENDATIONS

In young adults who make up the bulk of military personnel. the main
argument tor controlling the burden of body fat is a deterioration of phya
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cal performance rather than the risk of morbid conditions. Deterioration of
tunction in a temperate environment is almost directly proportional to ¢x-
cess fat mass, without evidence of a threshold. It is thus recommended that
the target body fat percentage set for military personnel correspond to their
actuarial ideal of body mass. The adverse effect of body fat upon perfor-
mance 1s exacerbated when personnel must operate in a hot climate, but a
modest excess of fat may contribute to buoyancy and insulation when work-
ing 1n cold water.
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Differences in Body Size and
Body Composition

Stanley M. Garn

SEX DIFFERENCES IN BODY SIZE
AND BODY COMPOSITION

Atall ages, trom the first trimester through the tenth decade. the man is
the Targer of the two chromosomal sexes. being longer and heavier and with
a larger lean body weight (LBW). Even during childhood. when bovs and
girly are most alike dimensionally. the chromosomal XY s considerably
farger than the chromosomal XX of the same physiologic (or skeletal) age.
Because there s some increase in stature even after age 20 and some gain in
the LBW through the midtwenties, the full expression of sex differences in
dimensions and LBW is not evident until Late. There are also sex ditterenc-
es i tat weight (FW)H although the woman is not necessarily fatter. either
i absolute terms (FW) or even as a percentage of body wetght (percent fat
[“¢ F]r.oas so commonly believed.

In adufthood. the man is generally taller, by about 6 or 7 percent across
the sociocconomic (SES) range and in different genetic poputations.  This
stature excess s disproportionately expressed in the appendicular skeleton, a
factor of considerable importance to vehicular design and to the design and
operation of equipment and fircarms and the location of controls.  In adult
hood. the man generally has a larger LBW by a ratio of approximate!y 3:2 (for
cxample. 61 kg or so versus 43 kg or so). Thiv sex difference i LBW s
reflected in the sex ditterence in basal encrgy requirements, in the caloric
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TABLE 13-1  Distributions of Stature, Weight, Fat Weight, and Lean
Body Werght ain 30- to-39-year-old Tecumseh, Michigan Men and Women

Stuture Weight Fat Weight” Lean Body Weight”

Percent Percent Percent Percent

o Men Women ke Men Women kg Men Women kg Men Women

1400 () 0 43 K] 1.1 4 4 4 20 0 K|
142 0 0 4x 4 133 6 3 4.1 25 1] 2.0
144 0 ] 53 X 143 g8 4.2 5.3 30 3 10.2
146 0 0 S8 38 233 10 62 7.7 33 4 253
148 il X 6y 100 17.1 1273 10.6 40 31 30.2
s 0 12 68 1534 0.2 14 7.3 K5 450 142 200
[ 0 A T3 O165 [ [ AR 7.3 IR IC 9%
Y 4] T3 78NS 1.5 1% 9.6 Y3 S8 2% S
136 0 N2 83062 3 200 KA 73 60 23] b2
158 4 T3 XX 62 4 22 92 () 63 (i A
f oo A 135 93 62 i 23 R 449 70 (BN 0
162 .Y e} Y 1.5 {) 26 iR 2K 75 X 1]
164 v 9% 103 1.5 4 250 6.5 K 0 4
166 RN 122 108 HE 1.6 0 69 48 hil 0 0
6% H S i3] [RR ) ) 32 16 13
|70 [ZERNY 61 3150 2N
172 [ LI 6 1S X
174 IR [ iR 1.5 20
176 130 | 30 il 1.2
1% f1 s i 42 4 0
(Y] S0 0 14 a I.6
152 XN 0 46 0 4
154 A 0 R 0 4
N6 7 0 S0 0 8
| ®¥ 3] 0 82 0 4
1) 1Y t sS4 0 0
ju? 3] () SO t) 0
[ 0 [ S8 0 0

“Indivdual!y calcutated from the regression of werght un four skinfolds
“Total body werght (TBW) ninus tat werght (bW,

aliowances set by the Food and Nutrittion Board™s (ENB) Committee on Di-
ctary Allowances (the Recommended Dictary Allowances--the RDAs) and
i calorte intakes actually reported in major nutritionai surveyvs (Ten-State.
NHANES Tand H, the Tecumseh Community Health Survey, and so on).
There 1s. of course, an overlap between the two sexes! in body size.
LBW. FW and also in skeletal weight (whick wail be discussed later). For
Forthe discussions that tollow Calso see Brgures 13-4 through T3 9an th e Chapter appendi,

ahinc b craphically present the sexual overlap tor body and skeletal werght and size vanablesn
men and weomen aved 3049 sears trom the Tecumseh Community Health Surnvey
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TABLE 13-2  Distributions of Bone Area. Cortical Arca. and Skcletal
Weight in 30-to-39-year-old Tecumseh, Michigan Men and Women

Bane Area (TA) Cortical Area (CA) Medullurny Area (IMA) Sheletal Weight ¢SWhe
Pereent Percent Percent Percent
mm Men Women  mm Men Women  mm Men Women g Men Women
S 0 41 20 0 3 0 0 53 1300 0 X
40 0 125 25 0 0 i 28 7% 190 T
43 1.2 24K 30 0 1.2 2 6 119 2400 K42
S0 4.4 223 35 0 1L1.s 3 44 123 2000 Teo RN
AR} 1820 10 4280 4 52 1 400 167 )2
6 662 45 4.8 308 5 60O 132 W0y LI
63 16.4 6.6 S0 RN 169 6 5.6 102 4000 2203 4
T 2000 2 S5 17.9 RS 7 tte 07 400 158 Ny
TA 152 t) 60 239 2 ¥ 6K 13 S T2 6
S 132 0 3 207 1.2 ] RS AR SO0 % (1
X5 68 0 HUNER RS t o 5.2 A 6300 0 0
G} 3.8 i 7A 6.4 f 1 64 2
3 RN ] 20 24 0 12 T2 16
1) on B 58 1.6 0 13 [ 20
14 4N s
I 30 1.2
16 1.2 4
17 20 0
[ 4N o
19 4 0
20 |6 0
20 N 0
22 20 ]
23 4 0
24 4 0
’s 4 &)

WRO0RDY CA < ] ar 0TI T MY wheres SWo= sheleral werghts €A~ vartival
area o= hone dengths T - otal wadthe and M = medullary width.

weight and FW . the overlap is considerable (see Tables 13-1 and 13-2): the
overlap area is of importance to military planning and materic! tanifts trom
weveral points of view. Morcover the actual or operational overlap may be
greater or lTess depending on recruitment standards. seit-selection of volun-
teers. and selective dropout rates. If women who volunteer for service are
selt-selected for greater stature or for a larger LBW. as is likelv. or it
training programs and the service academics turther select. then the women
m service will exceed their total-population (civilian) counterparts in body
wize and robust build. At the same time. entry standards. self-selection, and
attrion during basic training may also exclude the smaller and {ess-mus-
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cled men, thereby decreasing the dimensional and ponderat overlap, between
the seves.

Furthermore. there s the quesaon twhich cannot be preperly answered
herer as to how much basic training and in-service physical training may
modity . decrease, or even inereas > sex ditterences in muscle mass of male
and temale volunteers. Both sexes do gain in muscle mass during such
training. There v a common belier that men, with their testosterone, gain
disproportionately more muscle with training, but with joint-sex exercise
programs and suitable motivation, women may gain as much LBW propor-
tionatehy - although they may be hable to exercise-duced *menorrhea due
o decreased estrogenic fevels,

Skeletal weight, bone sizes. and amounts of tissue vone all ditfer be
tween the sexes even more than LBW ditfers. So. the calcium content of
the male skeleton approvimates 1.000 ¢ as compared with perhaps 750 ¢ for
the temale skelewon, and the skeletal werght ratio is then on the order of 413,
Maoreover the “overlap™ in skeletal size or skeletal weight may be well
under 30 percent see Table 13-230 With smaller skeletons, fess tissue bone.
smaller bone svidths, and smatler cortical hone arca «CA) ciic imght expect
hone tracture rates to be higher in women than in tach, an expectaaon of
potentral importance to the military both with respect 1o traimng injuries
and to vehicatar accidents  Howevor m actuad experience. onvithian fracture
rates are higher for men than for women in the age range of 20 1o 40 vears.
Only atter the Hitth decade does the fracture rate m women begin to exeeed
the fracture rate in men.

Why men under 45 vears of age fractare more and women aged 20 1o
IS tractare less s not known. although men are more often enoped i high-
risk construction occupations, and they are more acodent-prone when they
drive tand they do drive more mifes). However the smaller bones of voung
adult women do not necessanly resalt ina higher fracture rate in civilian
Ite Agcamn. the overlap in bone size and bone aien Hetween men and
women must be considered as shown in Table 13-20 What the actual os-
scous overlap s in enlisted men and women and those at noncommissioned
otficer and officer ranks remains to be ascortained. Adso to be ascertwined
i~ the mmcidence of forcarm (Colles™ and Farrvy tractures i military -age
mdividuals of both sexes.

The question of sex differences in fat weight (FW) and percent fat i b
t~ complicated. and some of the answers are surprising. That women gener-
alhy do have a thicker panniculus of outer fat is well known. but this 15 net
alwass the case: some women have fess outer fat than men do. Wien EW s
measured. the two sexes are often quite similar, a fuct that s not well
appreciated (Table 13-3)0 Yet pereent fat (% F) s generadly higher in wom-
cn hecause FW may be the same. but total hody weight (TBW) i convider-
ably less. Even oo the overlap in percent BE is considerable.
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CENCELHNICITY AND BODY SIZD COMPONTTON 21
FABLE 13-3 Correspondences Between Male and
Female Percentiles for Size and Body Comiposition i

W-to- 39 vear-old Tecumseh, Michigan Men and Women

Male Cenniles Corresponding to

Women™s Fitmeth Waomen s Fighty fifth
Meaeasuie Percentile Percentile
Stalure 20 (R
Weitht 70 BIRR{
Fat wereht 45.0 NXOS
[ean body werght 23 I8
Bone area 1) 34 1.4
Cortical arca 10\ 20 141
Moduetbas area 1M PRI 80
Sheleral werght (SW 0 X NI

NOTE s rable s to be read i the 1ollowine manoer. The Nitteth
porcentile for siature inowomen corresponds o the second percentite 1n
ey Phe erphis titth percentife for stature i women corresporids to the
thateenth peseentle tor en Note that the sexes are most abthe intat

aorght and skeletat werehn

Asa comphcatton, tasaess-- cither fat thickness or FWo—1s inversely
related o cducation i women at a rate of nearly 0.5 kg per vear ot eduvi-
ton. which sugeests that how tat a woman is depends largely on her socio-
ceonomic status. It the nabitary recruits ondy women of high school ceduca-
ton CE2 vearsy or bevond, therr fatness may be tower than the average. and
even lower than that for men of similar educationat fevel. Moreover, leaner
women may selt-select for military service, and fatter women may be ex-
Ciuded from advancement or continuaton i the service. The point here i
that the appropriate level of fatness for service-oriented women cannot be
prejadged from total popuiation or nattonal-probability FW distnibutions.

A turther point about fatness s derived from famil- line studies. There
are large tamihal ditferences in fatness fevels. Daughters of lean tamities
are tar fcaner than sons of obese tumilies. This finding agam opens the
questton as o whether women are necessarily or inherently tatter than men
cven though —on the average--the, are.

In the aivilian pop ulation. fat werght (FWy increases regularny and lin-
carby with age at a rate ot approximately .5 kg/vear in women., However,
this age-related merease is not necessarily a hiological “given.” occurring
far fess mothe attluent and somewhat more 1 the poor. So an age-related
merease 1 tatness s not necessartly the aniversal rule. Indeed in some
third world countries tatness actually decreases with age. With one excep-

Ay

- oaumeber



272 STANLEY M (G ARN

tion, one might even consider a no-mcrease rule for FW in the military as
heing both desirable and practical. The exception has to do with pregnancy.
where higher levels of fatness are advantageous for fetal growth and devel-
opment (see below, “Relevant Epidemiologic Aspects of Fatness and Fit-

ness .

ETHNIC AND RACIAL DIFFERENCES IN BODY MASS
AND BODY COMPOSITION

Although many cthnic and racial differences in size and body composi-
ton have heen cluimed and some documented. it s guite difficult to sepa-
rute most such ditferences from years of restdence i the United States and
from soctoeconomic status (SES). Male and female immigrants of recent
arrnval tend o be smaller. poorer, and shorter, but the immigrant women
soon become tatter and more often obese. However, both size and body
composition change as ratios of income to needs improve. Such ditferences
between immigrants and their /) progeny pose problems in setting mihitary
standards exactly the same problems that were encountered by the first
Committee on Military Anthropometry in 1917, That wartime commitiee
recommended a lowering of stature and weight standards o that recent
immigrants from Russia and the Austro-Hungarian Emipire would not be
subjected to the height and weight standards established tor so-called “na-
tive Americans ™

In recent vears there has been much litigation concerning weight and
weight-height standards for airline stewardesses, oib industry workers, post-
al workers, and even Scars Roebuck shipping clerks. Courts have ruled that
military. National Center for Health Statistics (NCHS). and the Metropoli-
tan Life Table standards for size or weight-tor-height are not necessarily
appropriate for Mexican- Americans, Puerto Ricans, Colombians, and oth-
crs. Even people with extremes of weight-for-height have been ruled as
cmployable as long as those individuals can do their jobs, such as lifting
80-pound mail sacks.

Most immigrants from Moso-America. South America, the West Indies,
and the Philippines and Asia are shorter than the NCHS norms and conse-
quently have a smaller lean body weight (LBW). Such individuals and their
foreign-born children are small by American military standards and may be
accorded restricted mihitary duties or excluded from certain classes of troops.
With ancreased length of stay in she United States. and now in the t,
seneration, these immigrants more nearly parallel other Amernicans.

Amernican Blacks cAmericans of largely African ancestry) pose an in-
triguing problem. for they are taller as children and adolescents tages 2
through 14) than are Whites of comparable age.  As adults they average
close to the U.S. means, may be taller than other Americans of comparable
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soctocconomie status, and with an excess above the ninety-tifth percentile
imits. American Blacks (or African-Americans) also appear to have a
shghtly igher LBW, which indicates a larger muscle mass.

Best documented and of considerable interest is the larger bone mass in
Atrican-Americans. This difference is apparent in the fetal condition, dur-
ing infancy and childhood. and continuing through the tenth decade of life.
This Targer skeltetal mass (larger bone diameters and larger volumes of cor-
tical boney may be one factor behind the Jower fracture rates for adult
Blacks of both sexes. However the larger skeletal masses (bone weights
and tissue bone volumes) may not be translatable into duty assignments.

Much attention has been given in the literature to the greater fatness of
Black women, Hispanic women. Native American women. and so on. In-
deed. fatness and obesity in Native American women have been attributed
to population-specific Uthrifty™ zemes. However tins greater fatness appears
1o be more of a poverty-related phenomenon than a true genetic difterence.
Poor White women are fatter than affluent White women. and fatness de-
creases Hincarty with both years of education and tfamily income. Fat weight
(EW also decreases with increasing socioeconomic status in Black women.
There may be good political reasons to accept higher-weight and fatter
Blick. Meso-American. and Native Ainerican women into military service.
but there can be no assumption that such difterences are necessarily genetic.

Studies have also claimed racial and ethnice differences in tat place-
ment. fat distribution. or tat “patterning ™. Expressed as ratios (for example.
tricepsisubscapularic such differences do exist. but these raties are inherent-
Iv fatness dependent. The triceps:abdominal circumferential ratio s much
higher in lean individuals and much lower in the obese. so that some racial
differences in fat placement may be no more than simple differences in the
amount of fat.  Of course. clothing and other covering equipment may be
affected by such differences. but differences in relative leg length or hand
size or foot «ize relative to stature may be more important.  For constant
stature. hand tengths and foot lengths (or metacarpal lengths and tarsal
lengths) are approximately 1 standard deviation (SD) longer in American
Blacks. whatever their nutritional status.

There are real and considerable ethnic and racial differences in body
size and body composition, and in an emergency or crisis situation they
may he taken into account. However. many of these differences (except the
greater LBW and bone weight in African-Americans) disappear with time.
afftuence, and generational changes.  The greater fatness of low-income
women of all ancestries is very real and bears on recruitment and cnlistment
standards. but it is not necessarily genetic. How such difterences are ad-
dressed involves political decisions. which may be discriminatory, however
decrded. Tt is probably bevond the scope of this advisory group to attempt
cthnic-specific recommendations.
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RELEVANT EPIDEMIOLOGIC ASPECTS
OF FATNESS AND FITNESS

The weight of fat (FW) and therefore the percent of tat (% F) is control-
lable both by caloric restriction and by increasing energy expenditure. This
tact is important both with respect to field pertormance and to lfong-term
mortality and morbidity. Controlling FW or percent F affects field perfor-
mance over the short term and affects the development of atherosclerosis,
coronary artery disease. drabetes, and hypertension later on.

However, existing recommendations regarding the ideal. suggested. or
optimal weight of fat are comphcated by the nonlinear rerationship between
FW and age-specific mortality. At the upper end ot the J-shaped curve.
both morbidity and mortality rise with increasing levels of fatness.  In
contrast, morbidity and mortality also increase at the bottom end of the
curve, where diseases of the respiratory system, including lung cancer. pre-
dominate. Very lean individuals of either sex are chinically anorectic and at
greater long-term risk. Very fat individuals are also at greater long-term
risk.

Low tat weights in women are of concern if thev are associated with
amenorrhea. and premature bone loss is likely for this group. Women
athletes may find such low fat levels advantageous in the short term be-
cause 1t frees them from the inconveniences of menstruation. However. the
premature onset of bone loss and involutional osteoporosts in the-.e women
might then be claimed as a service-refated disabifity.

Furthermore, the ideal level of fatness associated with ideal fitness in
women iy far less than the level of fatness associated with optimal fetal
growth and survival. Too lean a mother may be at greater risk for fetal foss,
premature delivery. Tow birth weight, and increased neonatal mortality. Because
a low prepregnancy weight (PPW) can be compensated for by a greater
pregnancy weight gain. this aspect of body composition also merits atten-
ton in mihitary service.

The long-term consequences ot differences in FW also merit consider-
ation, Because the Veterans Administration bears the cost of diseases asso-
ciated with excessive fatness, body composition long after separation tfrom
service may well be an extended task of this conterence. Pregnancy and
pregnancy-associated risks are not necessarity part of the assigned mission,
but body composition is important during pregnancy; too little tat is a risk
factor with respect to pregnancy outcomes, and insutficient weight or fat
may be a hite-long risk-factor.

Concerns ot the military in the past were relatively short-term. relating
to the abibity of draftees and recruits to perform assigned tasks after cntry
imto the services. Body size and bodily proportions alse had some bearing
on the design of equipment and on the number of sizes 1o be stocked.
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Concerns now anclude changes in body composition during extended peri-
ods of service- up to 2 decades and more—and fatness controi to meet
service standards. Morcover, there are the long-term implications both to
service-induced disabilities and to the cost of medical care long after sepa-
ratton from the services. 1t the services are to be equal-opportunity em-
ployers, they must accommodate racial and ethnic difterences in size and
body composition, including Vietnamese and Hispanics from southern Tex-
as. Calttornia. and Florida.  Looking to the future, there are the costs of
hospitahization and medical care tor those with excessive fatness and claims
tor service-induced disabilities. Even the children of those now in the
service mayv sceh compensation for excessive physical demands on their
parents or for their own premature birth if their mothers were allowed to be
too lean when they were in utero.
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superimposed transparencies made irom computer-
men and women separately.

APPENDIX

The following tigures were generated from superimposed transparen-
cies made separately for men and women from computer-generated histo-

grams. Data from the Tecumseh. Michigan Community Heualth Survey tor

individuals aged 10-49 were used throughout and thus provide comparative
information tor sexual overlap with the data from the same population on
individuals aged 30-39 presented in Tables 13-1 through 13-3.
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the body mass index (BMI)
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PART III

Corrmittee Discussion Paper

P»\Rl 1 consists of the preliminary discussion paper that was written
by one committee member, by request of the committee. after the
workshop was held. The purpose of this paper was: 1o summarize some of
the critical issues tor discussion: to indicate. tor the committee. scientific
arcas where additional information may be needed: and to pose. to the
committee. specttic questions tor pointed discussion during turther dehiber-
ations. This paper is included to provide further intormation on the com-
mittee deliheration process concerning accession and retention of military
personned as 1t relates to body composttion and performance.
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Pp 223 235 MWohington, D C

National Academsy Pross
Body Composition Measurement:
Accuracy, Validity,
and Comparability

Jocél A Grinker

BACKGROUND

Because ostimates ot body compositien may vary as a tunction ot gen-
ders aves or ethincuty s therr universal apphivabiiny needs 1o be considered
with care Current nuhitary standards include both gender and age-specitic
norms. Are they sutticeent” e normis tor older women more restrictive
than tor comparable men!  Should norms be adjusted for race as well?
Should norms be bused not on total body composition, hut on fat distribu-
tion patterns’ Fmally - should pertormance rather than body composition be
the magor determinant? The substitution of tests of health and physicat
capacity Is possible. such as submaximal treadmull test performance, blood
pressure test to rule out hypertension, spirometry to check lung health,
Cyhex to check quadriceps strength. hand grip dvnamometer tor hand
strength. and evaluation of endurance via tield performance or mini mara-
thon. Would these tests provide more information than arbitrary standards
hascd on changing norms? How relevant is physical appearance to effective
military service, and how well corretated are arbitrary standards of body
compaosition with preferred physical appearance?

To assess these questions, it 18 necessary to document a number of

factors. The applicability of different methods of assessing body composi-
tion can be compared in relationship to assumptions of universal applica-
bility.  Secular. gender. and age-related differences 1in body composition
and fatness can be documented.  Ethnic or racial differences both in body
composition and in age-related effects can also be documented.
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224 JOEL A GRINKER

METHODS AND ASSUMPTIONS

Is the two-compartment model (lean body mass [LBM] and body
fat [BE]D still useful? Should the four-compartment model (LBM. BF. body
water, and bone mineral) be used? How well do multiple anthropometric
measures mirror body composition, body density, and ethnic. racial, and
age-related ditferences in fat distribution or changes in bone density?

Body composition can be measured directly by chemical analysis of
animal or human carcasses or cadavers. Indirect measures include densito-
metry via hvdrostatic weighing; anthropometric measures of skinfolds/
circumferences: and the more recent procedures ot 1sotope dilution, neutron
activation analysis, and potassium-40 counting (Boling et al.. 1962; Brozek
and Henschel, 1961: Forbes and Hursh, 1963: Lukaski. 1987). However, 1t
is important to realize that the use of any indirect method of assessing
human body composition results in errors of prediction. The usual errors
range from 2.5 percent for predicting BF from densitometry to 3 to 9 per-
cent by anthropometry (Lohman. 1981). An carly comparison of ultrusonic
and skinfold measurements to evaluate subcutancous fat thickness and to
predict total BE weight suggested that skinfolds were the more effective and
less costly procedure (Borkan et al., 1982b).

The prevalent use of anthropometric measures (that is. height, weight,
skinfolds and circumferences, and associated nomograms) is based on ease
of application, simplicity, and reasonable correspondence with other tech-
niques.  Skinfolds of major interest include biceps. triceps. subscapular,
suprailiac, abdomen, thigh. and medial calt. However, systematic errors
can be introduced if the differential compressibility of skinfolds with age
and skinfold thickness are not controlled (Himes et al., 1979)  This tech-
nique depends on two assumptions:  that selected skinfold thicknesses are
representative of the total subcutaneous adipose tissue mass and that subcu-
tancous adipose tissue has a known relatienship with total BF. However,
the relationships between skinfold thickness and total BF reportedly differ
with ethnicity, gender. and age (Chumlea et al.. 1984: Durnin and Womers-
ley. 1974: Jones et al., 1976; Wilmore and Behnke. 1970: Yuhasz, 19621
In addition. these measurements are highly susceptible to experimenter
bias or error leading to wide variability among experimenters.

Densitometry has generally been considered the gold standard or cnite-
rion against which other techniques have been validated (Lohman, 19%4;
Roche, 1987). This technique assumes the two-compartment model:  fat
and fat-free mass (FFM: lipid-free) (Behnke et al. 1942). Fat1s assumed to
have a constant density of 0.9, although interstinal muscle fat is shightly
higher (tMendez et al.. 1960: Morales et al., 1945). However, the density of
FFM is not constant (Lohman, 1986; Roche. 1987). Untl middle age. bone
mineral mass and muscle mass increase, and extracellular fluid decreases
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within the FFM. In old age. these difterences are reversed tor bone mineral
and muscle. The density of FEM is also increased with marked physical
activity due to the greater percentage of bone mineral (Mendesz and Keys.
1960; Morales et al., 1945). Negative estimates of percent BF for some
athletes are probably due to a greater density of FEM than allowed in the
usual calculations (Roche, 1987).

Although the two-compartment model has been considered adeuate for
young White men, it is not as useful for different ages, women, other ethnic
groups, or even the extremely active (Lohman, 1986 Parizkovze, 1977 Rock
1987: Womersley et al., 1976). Because of varations in the density of “he
FEM the correct model requires assessment of total body water and sneletal
mass. in addition to measurement of boudy density. Physical training may
also alter the fat-free body mass, suggesting that the new geld standa.d
include separate measures of water, muscle. and bone mineral content. Greater
delincation of lean body components—that is. total body nitrogen. total
body water, potassium. and so on--have emerged.  Newer technologies
such as photon absorptiometry and neutron activation analysis are among
the more guantitative means of measuring mineral content. The technique
of dual-energy x-ray absorptiometry (DEXA). although as yet unveritied,
holds promise for its ability to measure accurately total body as well as
regional bone and soft tissue composition (Mazess et al., 1990: Peppler and
Mazess, 1981).

Measurement and Definitions in Body Composition

I'he application of limits in atfowable body composition in the military
depends on several assumptions. The first and primary assuraption s that a
single arbitrary point on the continuum of body fatness represents o “revers-
ithle abnormahity ™. Overfatness or obesity s assumed to be a distinet abnor-
mality that can be treated. Treatments consist of vartous procedures to
induce “temporary” weight loss. Another assumption i that patterns ot fat
distribution at specitic ages are less important or critical to overall health
than s absolute fatness. Also amplicit in the apphication of restrictive age-
specitic standards s the assumption that overweight/obesity at all ages 1s
cquivalenthy assocrated with increased health risks and/or poorer perfor-
mance. Defimtions of overweight and obesity, however. are population
specitic and subject to pronounced secular influences. Application to indi-
viduals may often be arbitrary  or inappropriate. Sccond. reversal of over-
werght or obesity may be not only ditficult to maintain but may itselt be
corretated with increased health risks (Wilhhamson and Levy. 198%).

Fstimates of the population prevalence of overweight or overtatness are
dependent hoth on the eriteria and the measures used (Bray. 1987 Garrow.,
1983 Simopoulos and Van tallie, 19841 Among the most commonty used
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critenia are retative weirghts Gadjusted tor herght and gendery corresponding
to specific prreentiles for a speaific population, weal body wereht, or bods
mass indes (BMI tvpically . weight in kg per height ) Ons common
external standard for overfatness s based on o BMI above 26 while a fre-
quenthy employed standard of ideal bods werght s hased on the Metropoli-
tan Lite Insurance mortahity resalts (1959, 19840 Naoomas Center tor Health
Statisties (NCHS)Y surveys reported that 29 percent of the 1960-1962 and 26
pereent of the 1977 LS adult population were ¢ erweight based on the
1959 Metropohtan Lite Insurance nerms onideal weight-tor-height (NCHS.
[O6HG6, TOR,

More direct measures ot tatness such as those derived from the sum of
various shintolds bhose also been used in farge population-based stadie
with criternia based on populattion distnibotrons, Norms are pased on data
from nattonal health survess such as the National Health and Nutrition
Evaluation Survey «NHANES) 1 or T or data from insurarce companies.
Fhe use of cven muitiple shintolds or nomegrams based on shintolds and
circinterences poses severcl problems. Inoverwerght and obese subjects.

v (Forbeso 1964 Skin thickness
aid shntold compresabilitn vary as a funcoon of age. site, and gender
tBrozek and Kinzey 1960 Clegg and Kent, 1967: Garn and Gorman, 1956:
Himes etal, 197 20 Lee and Ngo 19650 Alartin et al. 1985 Ruiz cral. 1971
Miltar and Stephens, 1T9R7 )

Discrepancies moreports ot the presalence of obesity have also boen

these measvrements show poor relic

the result of apphving ditferent criteria tor detimng obesitn tfor example,
NANES Tversu NHANES 06 o Metropoinan Life Tasurance norms for
1939 versus 1983 In addivon. ditferences i samphing ofor example. ran
domized census tact selection versus random digit welephone daling, or
mcasurements (for cxamp’ o telephone selt report versas direet measures)
have proauced differences o reported ohesity prevalence,

Average tatnes and prevalence rates tor overwerght/obesity can also
vary markedly as a consequence of sociocconomic stotue (SESY age. race.
sadgender (Cronk wed Roche 19720 NCHS. TOR6,0 14370 Forman et al.,
T9S6 Overwerght and level ol education or SES are “oversely associated
cBaccke et all TOX3 Forman et all, 1986 Garn and Clark, 1976: Garn, T9835:
Maoore et al.c 19620 NCHS. TORO: Silverstone et al.. 1969) Within cach of the
tour Neticnal Health and Education Survess (NHES) survevs, even vounger
adults (I8 1o 35 vears old: especially those above the median ot the distribu-
nony Fod mrgher BMIS at progres avely older ages ¢Harlan ¢t al 1988y The
prevalence af overwerght and obesity increases unnl individuals are approsa-
mately S0 vears of age then devels and dechines deftres et al 1984, NCHS.,
19660 Ross and Mirowsky, 19X30 Stewart and Brook, 1983y

Seculr trends o the Amerntcan population have been recognized in
imcreased vatues an the eorterra for detining obesity i the -ceent Metropoli-
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tan Lite Insarance tables (1983) based on changes in measured fatness of
sampled poputations terghiy-fitth pereentifey and risk. However, this latewt
version bated to iclude age as a vanable, and conseguently. the recom-
mended weights are reported to be too tiberal tor voung adults to accurately
reflect total mortality for 40 vear olds. and may be too restrictive even for
SO or 60 vear olds tAndres et al.l 1985).

Obesity Prevalence, Age Effects and Weight Fluctuations

Population Based Data

Cross-sectional studies have documented ditferences in fatness as a
function of gender. age. race. and secular influences (Abraham ct al, 1983
Garn, 1955 NCHS. 1965, 19860 1980; Malina et al., 1983; Wong and Trowbridge.
1981 Zillikens and Conway, 1990y, The U.S. population has reportedly
gained weight over the fast 2 decades. and the prevalence of obesity has
increased (Simopoulos, 1987) even in childhood and adolescence (Dietz et
al.. 1985 Gortmaker ¢t al.. 1987 Overweight among adubis of varving
ages has increased within the Tast 1O years despite widespread health con-
cerns and dieting (Fisher and Bennet, 1985) Recent statistics suggest that
in 1986, 284 percent of 1S, adults 25 to 74 years of age were 20 pereent
or more overweight as judged by BMI greater than 27.X8 for men and greater
than 27.3 tor women (NCHS! 1986).

Cross-sectional studies in England. Canada. the Uniied States. and Hol
land report that in both men and women, relative weight increases during
adulthood. 1~ maintained in muddle age. and decreases in old age (Baecke ¢t
al.o 19830 Bray., 1987: Jettrey et al. 19840 Khosla and Lowe, 1968: Millar
and Stephens. 1987 Montove et al.. 19650 NCHS. 1980: Rosenbaum et al..
1985 Stewart and Brook, 1983, Although such associations between age
and overweight could be due in part to a contusion between cohort and age
effects possiblie in cross-sectional studies, data tfrom prospective studies
support these general tindings. These longitudinal studies suggest age-
related trends m relative weight (Friedlaender et at., 19770 Hsu et al.. 1977:
Kannel et al.. 1979).

fudividual -Based Data

AL present, hitde s known about patterns of individual weight change
within the population during adult vears. When and to what extent does
weight Toss or gain accur? Is stabihity in BE related to pattern ot tat distri-
bution? I has recentds been suegested that stability i body habitus may be
related 1o a lower risk for chronic discase such as coronary heart discase
¢CHD cHamm et al, 1989 Whether the risk of other chronie discases,

e p——

TS

TP P

g




228 JOEL A GRINKFR
such as cancer or noninsulin dependent diabetes (NIDD) are also related to
wetght fluctuations is unknown. The few existing prospective studies sug-
gest relative consistency in body weight patterns over time. (See. for exam-
ple. Kramer et al.. 1989))

Changes in weight. BMIL and skinfold thickness (triceps and subscapu-
tar) were studied after intervals of 4 to 7 years i over 17.000 Finnish adults
as part of a recent health survey (Rissanen et al.. 1988).  Average weight
and BMI increased with age in men and women below age 30 at entry.
changed littie 1n men aged 50 to 70 (women aged 50 to 60), and declined at
later ages.  Both moderate overweight (BMI = 27.0 to 29.9 kg/m*) and
severe overweight (BMI 2 30 kg/m?) increased in successive age cohorts of
men and women until age 70. A relatively high proporuc. of Finnish
adults, approximately 24.7 percent ot all men and 33.7 percent u: «:! wom-
en were considered overweight, and 8.3 percent of men and 17.4 percent of
women were estimated to be severely overweight.

Small changes in individual weights were reported, with two-thirds of
these Finnish participants maintaining their weight within 5 kg of their
original weight classification (lean. normal. moderately overweight, or se-
verely overweight). A weight gain of 10 kg or more occurred in 9 percent
of the men and 4 percent of the women, and a 10-kg weight loss occurred in
only 2 percent of the men and 4 percent of the women. Both weight loss
and weight gain occurred among overweight subjects. Weight loss was
associated with old age and higher initial BMI. whereas weight gain was
most common in young adults, even among those with high initial BML
Men aged 20 to 29 at entry gained an average 3.3 kg/5 years. Weight gain
was less common among older subjects. Among 40 10 69-year-old men.
there were negligible changes, with 15 percent losing or gaining 5 kg. BMI
increased until age 50 and decreased thereafter.

Results from the normative aging study (NAS) (Borkan et al., 1983,
198%6: P. Vokonos. Boston Veterans Administration, pers. com.) tllustrate
strong age. cohort, and secular effects in fatness among healthy male adult
volunteers. During the 20 vears of this study, the average weight reportedly
increased until age 55, with subsequent stability and then reduction. Pat-
terns of central fat distribution have been examined in a small group of
selected subjects from the NAS using CAT scans. Grea! variability among
individuals in the redistribution of fat with increased age leading to an
uncven thinping of subcutancous fat and increased intra-abdominal fat has
been documented (Borkan et al., 1982a: Borkan and Norris, 1977; Mueller.

1982). Estimates of internal abdominal fat appear to be poorly correlated
with overall estimates of fatness and not well correlated with estimates such
as the waist-hip ratio (Shimokata et al.. 1989). Abdominai fat and internal
depots have been closely associated with cardiovascular disease (CVD).
Data from the NAS have also been used to assess the effects of weight
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change and age on coronary disease risk factors (Borkan et al., 1986). Even
atter controlling for age, smoking status. initial weight. and inittal levels of
the risk factor, increases in weight were significantly related to increases in
most risk factors (for example. cholestero! levels, fasting glucose. triglycer-
ides). However. data from at least one other longitudinal study suggest a
curvilinear relationship between fatness and mortality (Andres et al., 1985).

Recently. several studies have focused on the potential deleterious con-
sequences of weight changes and have reported greater morbidity and mor-
tality solely as a consequence of weight fluctuations (Hamm et al.. 1989
Hoftfman and Kromhout, 1989). Recent reports from the MRFIT, Goteborg,
and Framingham populations suggest an association between weight
cycling {individual vanations in body weight) and coronarv heart disease
and mortality. which are reportedly independent of BMI or age (Lissner et
al., 198K, 1990. 1991). Whether undiagnosed illness is also a factor is
under discussion. The factors related to success or failure in dieting and
thus in promoting weight stability such as gender. ethnicity. intentionality,
use of exercise. degree and duration of overweight/fatness, and fat distri-
bution patterns need to be clarified.

The appropriateness of age-specific criteria. however. remains some-
what controversial.  With affluence. fatness increases regularly with age,
but it is unclear whether this is biologically desirable or inevitable. Per-
haps. as with losses in muscle mass and sirengih. adequate exercise and
attention to diet can prevent age-associated increases in total fatness but
not, perhaps changes in fat distribution. Although certain preindustrial
societies may not demonstrate age-related increase in weight (Dietz et al..
1989), the documentation of shifts in the pattern of fat distribution suggests
that iwdeal body weight and body composition are in fact age dependent.
Andres (1990) has argued persuasively that modest increases in weight with
increasing age (10 pounds/decade) are associated with minimum mortality
among healthy, insured individuals. However. many analyses of these epi-
demiological data sets have included “healthy™ smokers.

A rtecent study (Must et al.. 1991) reports data from NHANES [ on
persons ranging in age from childhood to 74 years during 1971 to 1974,
Population- and race-specific percentiles of BMI for obesity and super-
obesity were obtained.  Significant variability as a function of age. gender,
and race were reported. In women, racial differences in the eighty-fifth and
ninety-fifth percentiles of BMI emerged in the teens and persisted into
adulthood with a continued divergence with age. The BMI at the fiftieth
percentile was also higher in Black women starting in the teen years. In
men. Whites had greater BMI at the eighty-fifth percentile until age 35;
afterwards BMIs for Black men were greater. Black men had greater BMIs
at the ninety-fifth percentile throughout adulthood with a continued diver-
gence with age.
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RESEARCH APPLICATIONS

Data trom routine physicals in the military should provide both pro-
spective data as well as cross-sectional data. The incidence and prevalence
ot weight shifts or changes in body composition in the military population
can be documented.  The existence of long-term trends in weight/fatness
stability or cycling in individuals ditfering in body habitus can be explored.
Initial anthropometric measures and pattern of fat deposition as well as
estimates of percent BF or BMI can be compared with routine periodic
measures of body composition and the incidence or degree of weight fluctu-
ations individually determined.  Secular and generational trends as well as
refative stability in weight and fatness can be explored among ditferent
ethnic and racial groups. Retrospective case-cohort analysis can also be
performed to determine the overall pattern of weight fluctuation: the initial
tatness patterns of subjects subsequently exceeding specific fatness criteria
can be contrasted against the entry status of a random selection ot all partic-
ipants at entry (Sorensen and Sonne-Holm, 19388).

Weight and fatness stability can be defined as weight plus 5 pounds of
starting weight per year.  Weight stability can also be estimated by the
intraindividual variability in body weights or fat distribution patterns. that is.
the coetficient of vanation (CV) of at least three consecutive body weights
taken at regular intervals (3 to 5 years). Weight change can be defined as at
least a S-kg loss or gain: and weight cycling can be defined as two or more
weight changes within the last 15 years. Comparisons can be made among
current weighto intial weight. and “cycled™ weights. Current and prior anthro-
pometric measures can be used to provide estimates and adjustments of body
composition and fat deposition and to estimate gender. ethnic. race. and age
etfects. It would also be of interest to measure adipose tissue in selected
subjects for fipolysis and conduct Vi, ., testing or measure total metabolic
rate by doubly labeled water technique in selected subjects with high or low
weight tfluctuations. These data would allow estimates of individual ditferenc-
¢y in rates of lipolysis or energy utilization.  These latter relationships might
begin to provide partial answers to the major question of the relationships
among body composition, body fatness, and performance.

SUMMARY

The body composition criteria for entrance and for retention n the
military services espectally the Army. are not identical. Screeming critenia
are primarily based on weight/height for age with retention criteria based on
bodyv compaosition standards that are only moderately related to performance.
This paper discussed scveral key issues of measurement which influence
hoth the accuracy and the retiability of measures of body composition. Fur-
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ther research 1s necessary to examine the relationships among the various
methods of measuring body composition and various performance criteria.

Major issues that were addressed in this discussion of criteria included
those related to validity or accuracy and precision as well as issues of
rehability.  These factors are related not only to technical measurement
error but also to issues concerning stability in body composition in adult
men and women and differences in body composition among various sub-
groups for example, racial or ethnic. Body composition and the adequacy
(validity and reliability) ot measurements were discussed in relation to age.
pattern ot tat distribution. gender, and ethnic or racial differences. The
prevalence and significance of weight shifts with aging or dieting were also
discussed. Finally, the relationship between standards of body composition
and performance in relation to differences among age. ethnic, and gender
groups was addressed.  Additional rescarch should address these remaining
issues:

e What should be used as the true “"gold standard™ in determining body
composition? Is the two- or four-compartment model more useful?

« How accurate are the large scale screening techniques versus experiment-
al procedures? How reliable? What are the correlations among measurements?

» What corrections in weight or fatness should be allowed for gender.
race and ethnic origin? How should ethnic differences in fatness distribu-
tion patterns be translated into body composition standards?

¢ How stable are the weights and body compositions of adults?  Are
age associated corrections desirable or necessary”?

 If certain patterns ot fat distribution (centripetal or abdominal depots)
are more likely to occur with older age and be more closely linked with
morbidity/mortality, should body composition recommendations and standards
be ditferentially aimed at specitic subgroups. 1.e. especially men (and women)
with centripetal fat distribution patterns? Should standards of acceptable
weight/fatness be relaxed for women (or those meeting lower waist/hip
ratios)? Since smoking (in women) is related to higher waist/hip ratios should
tatness/appearance recommendations include restrictions on cigarettes?

Standards of measurement (validity and reliability) must be considered along
with issues of applicability to military needs.
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Accession Standards for
the Military Services

The physteal screeming standards by height-weight and body fat tor
accession into the military services are included within broader military
regulations governing general health specifications for recruits entering each
branch of the military.  For the Air Force and recently for the Marines
(ettective 1 June 1992) the retention standards for height. weight and body
tat are also used for accession. These regulations are excerpted in Appen-
dix B. The Army and Navy maintain separate standards for accession and
retention. This Appendix only includes excerpts from U.S. Army and U.S.
Navy regulations that govern physical characteristics for accession, howev-
er. the regulation specifications are provided for additional information.

U.S. ARMY

The standards for accession into the U.S. Army are included in Army
Regulation 40-501: Standards of Medical Fitness (update 15 May 1989).
This regulanon is extensive and only excerpts from Chapter 2. Physical
Standards for Enlistment, Appointment, and Induction. that apply to height.
weight, and body composition with supporting tables are included here.
The recent Interim Change to this regulation is included in Appendix E.

- . .
"Further informatron concerning this regulation can be obtained from Headquarters. Depart-

ment of the Army (SGPS-CO-B). S109 Leeshurg Pike. Falls Church, VA 22041-235K
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240 APPENDIX A

Chapter 2
Physical Standards for Enlistment, Appointment, and Induction

2-1. General

(tas chapter mptements Department of Detenise (DOD) Directive 6130 3 “Physical Standards
tor Enlistment. Appomtiment. and Induction.”” March 310 1986, which established physical
standards tor enlistment. appointment. and mduction into the Armed Forces of the Unired
States naccordance woith secton 133 nde 100 United States Code 010 USC 133,

2.2, Application and responsibilities

a Applicanon

che Phas chapter prescribes the medical conditions and physical defects which are causes
tor repection tor military service: Those mdividuals tound medicalty gualitied based on the
medical standards ot chapter 2 that were in eftect prior to March 90 TORT . will not be reevalu
ated or mediealiy disquatitied solels on the basis ot the new standards Othes standards may be
prescribed in the event ot mobithzation or a natonal emergencey.

i1 20 The standards of chapter 2 apply to

v Applicants tor appomntment as commissioned or warrant officers i the Regolar Army.
the Army of the United States «AUS), or in the Reserve Components of the Army. ncluding
the ARNG of the Umited States and the USAR.

b Appheants tor enlistment in the Regular Army. For medical condittons or physical
detects predating ongimal enlistment. these standards are applicable tor enlistees” first 6 months
ot active duty cHowever, for members of the ARNG or USAR who apply for enhistment i the
Regular Armiy or who reenter active duty tor training under the “sphit-tramming™ option, the
standards of chapter 3 are apphicable

ror Apphcants for enlistment i the USAR and Federally recognized units or organiza-
tons of the ARNG. For medical conditions or physical defects predating onginal enbistmeni.
these standards are apphicable duning the enlistees” imnal period of active duty for traming
unttl their return to Reserve Component units,

oo Apphicants for reenlistment in the Regular Army. Army Reserve components, and
tederally recognized umits or orgamizations ot the ARNG atter a pertod of more than 6 months
has clapsed since discharpe.

res Appheants tor the United States Military Academy (USMA). Scholarship or Ad-
vanced Course Army Reserve Officers” Training Corps tROTC) Uniformed Services Universi-
tv ot the Health Stiences tUSUHS). and all other Army special officer procurement programs:
tor example. Ofticer Candidate School:(OCS).

SOURCE: AR40-501 UPDATE. p. S.

e

2.21. Height
Fhe causes for rejection for appomtment, enlistment, and induction 1 relation to height stan-
dards are established by cach of the military Services. Standards for the Army are-

a Men: Height below 60 inches or over RO inches.

b Women: Herght below 58 inches or over 80 inches.

2-22. Weight

The causes for rejection tor appointment, entistment. and induction n relation to weight stan-
dards are established by each of the military Services. Standards for the Army are contained in
tables 2-1 and 2-2 docated after the last appendix of this regulation). Atl Army applicants for
mital appointment as a commissponed officer (to include appointment as a commissioned

v
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wartant otticeny meet the standards of AR 600-90 Body composition measurements may be

used as e tinal determinant in evaluating an applicants acceptability

2-23, Body build
Fhe Canses tor repection tor appomtment. enlistment. and mduction arce
 Congental maltormation ot bones and joints, (See paras 290 2-100and 2-11)
Ao Deticient muscutar des clopment which would intertere with the completion ot required
naning
Eaidence of conyentiul asthenwe or body buidd which would intertere with the comple
tron of regquied thamng

SOURCE AR SO PDATE. po 11

TABLE 2-1 Miandy aoeeptable werght on poundsy as related to age and height
tor males mad Arms procurement

Misimuin Mavmum werght by vears of age
[T arehi
[ETUNITON RTINS RN 21 3o ApAS 3040 41 and over
r iy AN 163 e 137 R
t! N 163 [EN o 162 N
I tos LOHN 174 173 16N inti
s T PN D 175 [N
[ Ho~ T ISs Iad 1o 171
0 Lo 153 1ol PO Ixd (IR
Ot 10" (KT jae” 196 Tac N2
" HE [RE] MR 20 Tu6 187
[ jis MR 20 20N tus
n tlo A 21 214 [
" o N AR ANT) 20
i N R 20N 227 2t
\ | AN 23 A o2t
s MR 1] 240 AR
: i Nl Qay N 2
s S T8 254 20 1ed
! H A ol _hty N2 ARy
151 R N 06 ALY 24
- 183 N A AR NEY A
i PEu o N2 2K 278 2ho
i) T S S CNN DT 26

S REE AR B S EPDATTE p i
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FABLE 2-2 Militarth aceeptable werght tim poundsy as related to age and height

for omates
Minam

Heroht werghi
[ETRRAESEN LAY Qg
AN )
S0 a2
i) td
8! Hty
) ON
iR HO
0l ol
™ tiH
(AR [RLIE)
3 powd
(RS RN
o' YIS

it LR

'l 122

N s

N 12N

i P30

~ e

“fy PAn

- IR

N Pkl

Y R
N fi

SOURCHE

mitadl Army procurcment

Masimum weighi by years ot ape

[

120
122
124

{27

14
1
IS0
154

20

2

124
126
128
(RIS

132
134
1 36
140
143
14y
|53

I8

AR 40 ~01 U PDATE p

24

T4

126
128
130
132

134
[IRI3
Rt

144

148
is2
5

Jt.

N
O
196
Nt

129
131
13
135

137
134
145
PN

{51
| 56
160
|61

(KD
P73
178
N3

| XN
1ud
fan
2

20
205

NI

6 40

132
134
136
130

140
143
P43
134

ful
196
A

20

41 and over

135
137
1349
P41

Jus
00
205

2

216
2
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U.S.NAVY

The ~standards for accession into the U.S. Navy are included in the
Nuvy Recrwininge Manual. Enfisted :\COMNAVCRUITCOM INSTRUCTION
FI30RC (CRUTTMAN-ENL). This manual is extensive and only excerpts
trom Chapter 1L NAVY HEALTH AND PHYSICAL READINESS PRO-
GRAM that apply to height. weight, and body composition with supporting
tables are mncluded here.”

A NAVY HEALTH AND PHYSICAL READINESS PROGRAM

e [r s the expressed pabicy ot the Chiel of Naval Operations that all members of the
Navy exeept those excused tor medical reasons, shall attain and maintain a condition of health
and phiyvsical readimess consistent wathy their duties. Excess body fat s a serious detriment to
health, fongevity, stwming and nuditary appearance. The need to maintain s high state of health
and phvsical readiness throughout the service i essential to ensure combat readiness and
personal etfectiveness. A Navy apphicants must become famuhiar with and understand phy <
cal reaamess standards continned i OPNAV Instructiion 60 HLT Serres

iha The phissical readimess standards tor all enlisted programs nclude a Herght/Werght
Scivening lable epe D odvand a backup procedure for measurig body tat pereentage as the
detcrmimant tor quahitication  Apphicants swho exveeed the limits of the sereening tables will be
megsured for body tat by AEPS personnel Male apphicants measuning 29 body tat or
sreater and temale apphoants measanng 34 o1 greater. will not be entistment ehigible. Pro-
codures Yor hody bt measarement are vuthimed in OPNAVINST 61101 Serie,

ror AN apphicants for enbistment who exceed the height/werght screentng tables ope | E
b shall be counseled on the need 1o contorsy to Navy physical readiness standards m oorder to
he entisted. promoted or reenbisted o the UUS) Navycapage B3 catny iNAVPERS 1070761 31,
shadi be made documenting the counseline and acknowledgimg the Nava s Physical Readiness
Standards  The proper page 3 docamentation s contaned o this paragraph.

SOURCE CRUTTMAN EM 130 SC po L 63

Funther antormation concerimme the Navy recruitment regulations can be obtained from
Commander Navy Recratine Command. 3015 Wilson Boualevard, Arlington, VA 222013
jou

e e
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Heipht
tinchesy

66

“Height warver required
SOURCE: LS Ny COMNAVORUTTCOM INSTRUCTION

Male

Avcession
Mimimum

X
99
100
102
103
N4

108
HEIN)
17
1

[N
19
123
127

o=

s

147
151
153

ERIETONNE A

Waiverable
To

b
N
90
k):
O3
93

98
95
O
100

Female

Accession
Mimmuem

90
32
93
Uty
U
1043

o2
Horg
Hit
fuy

bi2
1IN
P

{202

125
P28
132

136

139
143
147

Table of minimum waiverable weight and height

s

X3
XS
Kb
RR
S

g2
94
9%
Yx

101
1006
106
1o

[
Vis
1o

122

125
124

132

APPENDIX A

Waiverable

To
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Navy Screening Tables for Weight by Height

Hewght
anches)

Masimum
Weght
tpounds)

Height
(nchesy

Maximum
Weight
{pounds)

hh 130 SK* 124
S+ 134 S59* 127
6 1309 ol 131
o] 143 61 138
62 4N 62 138
AKX 152 63 142
o 157 04 145
I 162 65 149
Hty 167 66 1533
a7 172 67 156
HR 176 6% 160
Hy 182 69 163
Th PR7 70 167
71 192 7l 171
72 197 72 175
73 202 73 174
74 208 74 181
7s 213 75 183
76 219 76 1589
o7 24 7 192
TN 230 78 196

245

Vs i S

. x o <

“Height warver required.

NOTE: In this table standards tor men are listed on the
Tett and standards for women are listed on the right.

SOURCE: US. NAVY: COMNAVCRUITCOM
INSTRUCTION 1130.8C. p. 1-1-64.

At e e



B

Retention Standards for
the Military Services

The military services maintain separate physical standards for height,
weight, and body fat for retention. These are included in the regulations
that implement the Department of Defense (DOD) directive 1308.1 dated 29
June 1981 that established a weight control program in all the Services. For
cach service the physical standards are included within broader military
regulations governing the entire weight control program. This Appendix
theretore includes excerpts from the regulations currently in effect that gov-
ern height, weight. and body fat estimation for retention for the U.S. Army.
1S, Navy. U.S. Air Force, and U.S. Marine Corps. However. the full
military regulation titles and numeric specifications are provided for addi-
nenal information.
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24N APPEADIX B

U.S. ARMY

The standards for retention in the U.S. Army are included in Army
Regulation 600-9: The Army Weight Control Program (update 1 Sep-
tember 19861 and include the changes listed in the 1 October 1991 Interim
Change to this regulation detatled in Appendix E. This regulation is exten-
sive and excerpts here include: the stated purpose of the regulation, details
of procedures, and relevant reference tables.!

Section | Introduction

1. Purpose
This regulation establishes pohcies and procedures for the implementation ot the Army Weight

Control Program,

2. References
Required publications are listed i appendix A

3. Fxplanation of abbreviations and terms
Abbreviations and special terms used m this regulation are explained in the glossany

4. Objectives
a. The primary objective of the Army Woeight Contral Program v to insure that all
personnel -
(1 Are able to meet the physical demands of their duties under combat conditions
€2y Present a trim military appearance at all tmes,
b Excessive body tat
thy Connotes a fack of personal disciphine.
12y Detracts from malitary appearance.
5 May aindicate a poor state of health, physical fitness, or stamina.
i Objectives of the Army Weirght Control Program are to -
CEASSstan extablishing and matntaming -
tay Disapline
(hy Operattonal readiness.,
toi Optimal physical fitness.
tdy Health
tr3 Friectiveness of Army personnel through proper wetght controf.
12y Estabhsh appropriate body fat standards
13y Provide procedures for which personnel are counseled to assist in meeting the
standards presertbed in this regulation
thr Foster bigh standards of protessional military appearance expected ot ail personned

Prurther informanion concerning this regulation can be obtained trom Headyuarters, Depart
ment ot the Army (SGPS.CO By, 5109 Leesburg Prke. Falls Church, VA 220412388

SO ——

s

e ———

RPN,

e ma——

RS



APPIADIX B 249
Section I Responsibilities

5. General
Ihe Army ttaditionally has tostered a military appearance which is neat and tnim. Further. an
essential function of day -to-day effectiveness and combat readiness of the Army s that sll
personned are healthy and physicalty fit. Self-discipline to maintain proper weight distribution
and high stundards of appearance are essential to every individual in the Army.

SOURCE: AR 600-9 UPDATE. p. 3.

RS

Section HE Weight Control

20. Policy

¢ Commanders and supervisors will monitor all members of their command totticers,
warrant officers. and enlisted personnely to insure that they maintain proper weight. body
composttion cas explamed an the glossary), and personal appearance. At minimun;:, personnei
will be weighed when they take the Army Physical Finess Test (APFT) or at least every 6
monthis. Personnel exceeding the serecning table werght shown in table 1) or identified by the
commander or supervisor tor a special evaluation will have a deternunation made ot percent
body tar ldentification and counseling of overweight personnel are required.

Ao Commanders and supersisors will provade educationa) and other motivanonal pro-
srams to cacourage personnel to attamn and mamtam proper weight standards. Such programes
will include

th Nutriton education sessions conducted by quahtied health care personnel
12y Exercise programs. even though numimum APET standords are achies od

o Maimum allowable pereent body fat standards are as follows:

Age Group: 7 20 Age Group: 21-27

Male «% body fat): 20 Maie (% hody fat): 22
Female (% body fat): X Female (% hody fat)r: 30
Age Group: 2% 39 Age Group: 30 & Older
Male 1% body fat): 23 Male (% body fatiz 26
Female (% body fat)y: 32 Female (% hody faty: 34

Howevero all personnel are encoaraged to achieve the more stningent Department of Detense
H 3 &
DOD wde voad, which s 20 percent bods tat tor males and 26 percent body tai tor temales
4 Personnel who are onverwerght tas explamed i the glossary,
Dy Whlt be consaderad nonpromotable (1o the extent such ponpromoention s permitied
by faws
|

12 Wall not be aathonized 1o attend protesstonal oty or cinvilian schooling

WAl not be asagned to command posations

21. Procedures
a Body tat compoation will be determined tor perconnel
b Whese body wereht esceeds the sereenimg table weight i table |
*2) When the umit commander or supervisor determimnes that the individual's appear
atve saepests that body fat s exeessive
A Routime wergh ins will be accompiished at the umit level Percent body tat measure

e ————
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250 APPENIIN B

ments sall be accomplished By company or simdar level commuanders tor therr designees in
avcordance with standard mcethods presenibed in Appondin B oto this regulation. Soldiers will
be measured by individuals ot the samie gender. I this cannot be accomphished. o temale
soldier witl be present when males measore temales. IRR members on AT ADT . and SADT
will hive @ wergh ins and body tat evaination af required) by the umit to which attached
Avtive and Reserve component personnel and units with soldiers exceeding the body fat stan-
dards mparagraph 200 above, will be provided werght reductnion counseling.

o The sample correspondence shown e tigure 1wl be completed and retamed by the
aint commander or superssor o document propethy recommendations and achions taken
moeach case

4N medicad evaluation will be accomphished by health care personnel when the soldier
has o medical Tmitation . or s pregoant. or when regquested by the unit commuander. One s aiso
reguired for sofdiers bemng considered tor separation due 1o failure to make sanstactony progress
i a weight control program. or waithin 6 months ot ETS. Nrcratt crew members. who exceed
the body rat tandards. will be reterred to a theht surgeon tor possible impact on thght statas
Hoan mdivadual’s condiion s diagnosed by anedical authonities to result trom an underdying or
assocrated disciase provess: health care personnel will tahe one of the followiny actions,

b Prescribe treatment toablessate the condition and return personne! to therr unit

120 Hospiabize indiypduads 1o necessary treatments this action applies 1o Active Army
porsonnet ondv o KReserve Component personnel will be reterred o therr personal physician tor
torther evaluation or treatment at the ndsvodual s expense

3 Determine whethes the indnaduad s conditon s medicaliy disgi abitying tor contun
dcdservace Inthese casess dispoation wall he made ander provyessons of appropnate regulations,

oI health care personned discover o underiving o assodiated discase process as the
catise of the conditon and the indinaduad s classiticd as overserghts these tacis will be docu
mented and dhe mdiadual entered in o weight contead program Suspension ob tavorahble
peesonnet achons wall beamtated under AR 600 30 tor personnel i a weight control program

L bne required werght doss goal ot o & pounds per month s considered aosately
artamable woal o enable soldiers 1o fose excess body tar and meet the bods tat standards
descrhed i para 200 Weseh ns will be made by unie persennel monthiy ror during anit
asserbbic s tor ARNG and £ SAR personinedy 1o measure progress A body far evatuanion niay
Ao bedone by anit personnel o assistan Bleasurnng progross

20 A an eveeption toor beloss an indievdual who has noowerghe Toss after any twao
vonseaatise monthiy wereh s may be referred by the commander or supersisor to health care
poronned tor reevatuation It health care peesonnel are unable to determime a medical reason
tor tack ot werght fossand ot the imdividoal s not e compliance wath the body tar standands
St paragraph 20 and st esceeds the soreenimy table werght able b the commuander or
sipervisor will torm the andiny idusd thae

fa Progress s unsatistactony
4 He or she s subjedt to separation as speaitfied m oy below

¢ Communders and supervisors watl remose indivrduals admimistratively from o weight
contrel progranmt as soon s the body tat standard s achieved. The removal scnon will be
Jocumented as shownan bigure Toremosal of suspension of favorabie personne] actions wall be
acvomphished at that time

After o penod ot dicting andoor exercise tor 6 months, soldiers who have not made
satistactony proeress vas explamced an the glossarny and who still exceed the screeniny table and
Body tat standards wili be processed as tollows

O health care personnet determime that the condition s due o an anderlvimg or
daesecnated disease process aenon desensbed and above wan be taken.

2 o underbving or eesociated disease process i tound 1o cause the overwereht
comditon - the mdividudl will be subject to separation from the Service under approproate

recalations imdicated oy below

e e e i -

A ———

-

. - p————— L

RIS 3




APPENDIX B NAY)

A Personnel will be continued ina werght conteol program tas provaded in e through ¢
abover atter the imitial 6-month perod at they -
t1y Sull exceed the body tat standard.

Have made satisctuctory progress toward their weight foss tas indicated i the glos:

sary o, or are at or below the scereening table weight ttable [,

13 For RC personned only 1t the individual has not obtained an evaluation trom his/
her personal physician UP of para 20412y above, and cannot demonst-aie that the overwerght
condiion results trom an underhyving or associated disease process. the individual may be sepa-
rated under appropriate regulations without turther medical evaluation by health care personnel

i To wssist commanders and supervisors. a tlow chyrt outhmng procedural gudance s
shown at freure 2.

. The commander or supervisor wit inform the individoal 1 wniting that imtiation ot
sepanatton proceedings v being considered under the tollowing regulanions. AR 635201,
chapter ST AR 635100, chapter S0 NGR 6002000 Chupter 70 NGR 600 1010 NGR 6o 2
NGR O3S 1000 AR 135175 0or AR 135 175 This procedure will be tollowed unless a medic sl
reason s found to preciude the foss of werght or there s other good cause to qustits additional
tme n the werght control program.

ol The wdnvdual wall immedsatels respond 10 the separation consideration fetter i
wrnting Phe commander or superviser wili vonsider the response and iibate separation action
i adequate explanaion s provided. anfess the iadeorduad sabnmis an apphication tor reine
iment. b clipible USAR personnel imoan AGR status who tall under the purview ot this
paragraph wiil be released trom AD and returned to the appropriste Reserve cotrol group

12 I separation action s not mitiated or does not resadt m separation. the mdividuad
AlEbe entered or continued moa werght control progran. as speaitied e above

£ Following removal trom a werght control program, s deternnned tunder g above
that anomdionbual exceeds the screemng table weight aable 1y and the body tat standard
preseribed i paragraph 200 wathin 36 months. the tollowing will apph o1 1 the unit com
mander determimes that the individual exceeds the soreeming table werght and the body fat
stamdard

o Wathin 12 months trom the date ot the previous removal from the program and
o upderivine o assoctazed discase process s tound s the cause ot the condition. the mdid
tal wall be cabedt o separation from the Service under 7 above. (Sanstactory progress moa
pravsioas wereht control procram will sot be considered o good reason 1o justify nme i a new
proseani o

ton Ater the T2 menth, but swothim 36 months from the dote ot the presious reman
o trom the program. and no underbyving or assocated disease process s tound as the cause of
the conditon. the odvdual waill be allowed 90 davs 1o meet the staadards. Personnel who
meet the body rat ~standard atter that peniod will be removed trom the program - Al others will
be subipedt to separation trom the Seevice under pabosve

tor Personned who meer the AR 6000 standards and become pregoant will be o
crpt trom the standards tor the duration of the pregnancy plus the penod ot convalescent
feave atter Barth of the chod o They waill be entered of reentered g werght control program. it
sequared. atter Completion o convalescent feave and approval ot g medical doctor that they are
tit for particpation ina wereht control program This procedure also applics to mdivaduais i a
medical holdine amit aho have been hospitatized tor fong penods Sotdiers enteredireentered
e weteht control proveam atier pregnancy . prolonged treaiment. or hospriabization witi he
consedered to be g new wereht conoro! program - Para 200 ot this regnlation will not apply
that trme

20 1t rhe mdinaduat s deternmed to evceed the body tat standard and the condition i~
due toan underlyving o assocnted discase processsaction described ind abose wall be taken

Ieherentan the responsibihiny ot clection boards s the obligation to setect only those

indivdeals who are considered toobe phivacalls it to pertornm the duties tequired of themy g o
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umes. Compliance with the Army Weight Control Program as prescribed in this regutation
will be consdered in the selection process tor promotion, protessional military or civilian
schooling, or assignment to command positions. Procedures for communders and supervisors
to provide current intormation for use by selection hoards indicating whether individuals meet
the prescnbed standards will be included in DA regulations or issued by separate correspon-
dence
n. Records wall be mamtaned o umit tiles for personnel in weight control programs. On
transter from one unit to another. the losmg commander or supervisor will forward the records
and @ statement to the ganing unte with intormation indicating the status of the individual™s
participation i werght control program When the transter s a permanent change of station.
the unit commander’s statement and records wiil be--
Dy Filed as transter documents an the Miditary Personnel Records Jacket, US Army.,
under AR 64010,
2y Removed on inprocessing.
n. Upon removal from the werght control program. umt records on participation i 2
werght control program will be munntined at anit level for a pertod of 36 months from date of
removal It the soldier s transterred o another umit prior to completion of 36 months, getion

will he taken tnoaccordance with paragraph 21m above.

22. Reenlistment criteria
a. Personnel who exceed the sereening table werght at table 1 and the bods fat stundard
tor thew current age group o patagraph 200 wail not be allowed 1o reenlist or extend their
enle.tment
Ao baceptions o pohicy tor Active Arms personnel ancluding RC personnel vn AD1 are
prescrthed i this sabparagraph tor soldiers who are otherwise physicabtiy it and have per
tormed therr duties ma sabstadton, manner, vhe commander exerasarg General Court Martr)
Convenine Authority or the fust peneral otticer i the soldier’™s normal chaim of command
swinchever s the most direct biae o the soldiery may approve the tollowing exceptions o
pobios
b baerson ot enbsument may be guthotized tor peesonne!l who mieet one of the
tailowing critenid
vy Indiaduads who hove a temporany. mcdical conditien whion preciudes doss
ot werrht. By such casessthe mature of oi-gomg ireatment will be documented: the eavtension
st bhe tor the mismmm time necessary toocorrect the conditton and achieve the requared
soereht o
th Pregnant sokdicrs who are otherswise tully guabificd for reenbsiment. including
those wath approved waivers. but who exceed aceeptable standards prescribed an this revula-
ton. wiil be extended tor the mummum peniod whach will allow barth ot the childl plas 6
moenth~ Authorin, which will be cited on DA Form 1695 iOath of Extension ot Enlisiment
s AR B 2K paraetaph < 8 On completion of the perind of extenston, ihe soldier will be
rees aluated under paragiaph 20
2 Excepnions to o poinoy aifowainy reenbistmententension of enbstment ars authernzed
onty e Cases where
s Madically documenicd condinons cparg 2000 predlude attinmient of peguared
Sanedards
A NGB sepataiion 1s ot appropriate
M requeses tor eatension of enlistment for ARNG and USAR ¢ and IRK person
seb ot o AD wall be processed ander NGR 600 200 00 AR 130 TV Chapter 4oas appropriate
A Reguests tor exceptions e pohicy will be forwarded through the chion of commuand.
vith the comnander s personal tecomesendation and appropriate commient at cach level Al a
M regus s weibaind lade

e The phivsicnan s evgluation

oo ———
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20 A record of progress m the werght control program
¢ Cureent herght and werght

(41 Body fat content.

¢S Years of active Federal service.

vty Oiher pertinent information.

< Soldiers, who have completed o minimum ot IR years of Active Federal Service (AES).
muay, it otherwise ehgibie. be extended for the mummunm time required to complete 20 vears
ABRS. Retrrement must be accomphished not Later than the fast day ot the month in which the
soldier attins retirement chigthility. Apphication tor retirement will be submitted at the ume
extension 1s authorized. Approvab/disapproval authority s outlined i AR 601-280.

f. USAR soldiers, who have completed a nuimum of 18 vears of qualitying service for
retired pay at age ot may be extended tor the nimimum time required to complete 20 years
qualitying service. Transter to the IRR. Reured Reserve. or discharge witl be accomphished at
the ond of the retirement year (RYEV i which the soldier attauns the 200 qualifying vears.
SOURCE: AR 6009 U PDATE. pp. 4 6.
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256 APENDIX B

AR 600-9 L PDATE: Appendic B
Standard Methods for Determining Body Fat Using Body Circumferences, Height and
Weighi

B-1. Introduction

a. The procedures tor the measuremen ts of height, weight, and specifie sody circumter-
ences tor the estimation of body fat are described tn this appendix.

b Although circumterences may be looked upon by untrained personnel as casy mea-
sures. they can give erroneous tesults if proper precautions are not followed. The individual
taking the measurements must have g thorough understanding of the appropriate anatomical
landmarks and measurement techmigues. Umit commandeis should require that designated
personnel have hands-on traiming and read the mstructions regarding technique and location,
and practice betore official determunations are made. Two members ot the umit should be
“ulized i the taking of measurements, one to place the tape measure and determine measure -
ments. the other to a sure proper placement and tensien ot the tape, as we!ll as 1o record the
measurement on the worksheet. The individual taking the measurements sheuld be of the same
sen as the soldier bemng measured: the individual who assists the measurer and does the
recorfing may be of erther sex. The two should work with the soldier between therr Lo the
tape is clearty visible trom all sides. Measurements will be made three times, i accordance
with standard anthropometric measurement procedures. This is necessary for reliabitity pur-
poses. since the greater number of measurements, the lesser the standard ot deviaton. Alse, if
only o measurements were tahen. there would be no way 1o tell which measurement was the
most accurate. It there s greater than canch difference between the measurements. then
continue measuning untill vou have three measurements withan a-inch of cach other. An
average of the scores that are within w-inch of cach other will be used.

¢ When measunimg cireumterences. compression of the soft tissue 15 a problem that
reguires consiant attention, The tape will be applied o that it makes contact with the skir and
conforms to the body surtace being measured. Tt should not compress the underlyving soft
tissues. Note, however, that i the hip circumference more firm pressure is needed to com
press v shorts Al measurements are made in the horizontal plane, (e, parallel 1o the
tloon. unfess indicated otherwise,

d The tape measure shotid be made of a non-stretchable material, preferably fiberglass:
cloth ar steel tapes are unaccertable. Cloth measuring tapes will stretch with us ge and most
steel tapes do noi conform to body surfaces. The tape measure should be calibrated. 1e..
compared with a yvardstick or a metal ruler to ensure validity. This 1s done by aligning the
fiberglass tape measure with the quarter inch markings on the ruler. The markings should
match these on the rulers if not. do not use that tape measure. The tape should be 4- to -inch
wide (not exceeding “:-inch) and a mimimum of 5-6 feet in length. A retractable fiberglass tape
is the best type for measuning all areas. Tapes currently available through the Army Supply
System (Federal Stock Number 8315-00-782-3520) may exceed the ~mnch width limits and
could impact on arcumferential measurements.  Efforts are being made to replace the supply
systerm tape with a narrower retractable tape. In the intenim, the current Army supnly system
tape may be used if retractable tipes cannot ¢ purchased by unit budget tunds available and
approved by mstallation commanders.

B-2. Height and weight measurements

a. The height wil be measured with the soldier. in stocking teet (without shoes) and
standard PT umiform. 1., gym shorts and T-shirt, standing on a flat surface with the head held
horizontal. looking directly forward with the hine of vision horizontal. and the chin paraile! to
the floor. The body should be strasght but not rigid. similar to the posiwion of auention.
Unlike the screening table weight this measureme, t will be recorded to the nearest “winch in
order to pather a more accurate description of the soldier’s phvsical charactenstics.

«
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i The werght will be measured with the coidier in o standard P4 ouniform. e, gym
shorts and a Tt Shoos widl got be worn, The measurement should be made on scales
avatlable i units and recorded to the nearest pound with the tollow ing guidelings:

t1y I the werght tracuon of the solater s less than “-pound. reund down to the nearest

pound
12y ft the werght fraction of the sowdier v pound or greater, round up to the neat

whole pound

B-3. Description of circumference sites, and their an2:omical landmarks and technique

a  All ircamterence medsaremertts will be taken three times and recorded to the nearest
crch tor 02500 It wpe me surements are within <-mch of cach other, derive o mathemancal
average to the nearest quarter ¢ of an nch, §t the measurements differ by wnch or more
ceatinue measarements unttd vou ohtain three measures within -inch of cach other. Then
average the threo closest nicasures,

b Fach set of measurements w il be completed sequentially 1o discourage assumption ot
repeated measurement readings. Tor males. complete 1 set ot abdomen and ne~k measure
wents, NOT three abdomen crrcumterences tollowed by three neck arcumterences. Continue
the process by measurmy the abdomen and neck in serewes untd vou have three sets o measure -
ments. For females, complete one set of hip, torearm. acck. and wrist measurements, NOT 2
hip totlowed by three torearni ete, continue the process by measaring hip, forearm. nech. and
st sertes until you have 3 sets of measur 'ments.

« Worksheers tor computing body fat are af frigure B tmaless and fgure B-3 tlemaless
Lodcal reproduction ~ authorized A blank copy of DA Forms S800-R and SSO[-R s located at
the kool ek volume. Fhose torms will be reproduced tocally on 8 0« Hi-mch paper
Supporting factor tables wre tocated at tables B and B 2 cmalesy and tables B3 through B-X
ctemalesy and include specttic stepe. tor prepaning body fat content worksticets

do Mustrations of cach tape measurement are ar tigure B-2 omales) and figure B-4 (fe
madesy A trammyg videotape CEVT X103 a8 w'o avanlable ar Visual Information Libranes.

andior Travnmg Audiove uai Support Centers (TAS™)

B4 Circumference sites and landmarks for males

a Abdemer The seldier being measared will be standing with arms relazed. The ab-
donunad neasarement i taken a a level coinading with the maidpoime of the navel chells
buttony with the tape placed sothat s evel all the way areoand the sofdier bemng measured
Record the measurement at the end of o normal expriration s smportant that the soldier does
not attempt to hold fus abdomcen g thus resalting oo smiatter measarement Abso the tape
st be hept Tevel across the abdomen and back

ho Nechks The soldier being measured will be standing. fooking straipht ahead. chin par
allel 1o the oo The measurement s tithen ny placing the tape around the neck at afes ol just
Selow the tarsnv cAdam < appley . Do not place the tape mcasare over the Adam’s apple The
tape with he as close o honzonual tthe tape Tine in che tront of the neck should be at the same
herght as the tape bine 1o the hack of the necky as anatoacally feasibte In many cases the tape
e shauld be taken <oas not to

wT shant down toward the tfront ot the neck Theretore. ¢
mvalve the sheulder’neck usctes trapezas i the meastremene This s g posatbility when a

soldier has a short neck

R-5. Circumference sites and landmarks for females

d Ne ko Thes procedure as the same as for males

S Fkovearm The saldier berng measuted wiid be standimg with the arm extended away
trom the besty so that the toreawnn e plam yview of the measurer, with the hand palmup. The
soidier should be allowed (o choose which arm he -he prefers to he micdasured  Place the tape

arotnd the Lirgcest torearm aircumterence This wall be just bejow the eibow . To ensure that

-

e ———
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JAT APPENDIX B
this s truly the furgese crcumterence. sinee 10as bemng s ssually adennhicd. shide the tape along
the torearm o tind the fargest circumterence.

The soldier bemng measured will stand with the arm extended away from the
The tape will be placed around the

o Woa
body ~o that the wnst s a0 plan view ol the measarer.
Wrist al g point above the hand but below the lower end of the bones of the forearm

doHipo The soldier takig the measurement will view the person being measured from
the sides Place the tape around the hips so that it passes over the greatest protrusion of the
cluteal muscles rbuttocks) keeping the tape ma horizontal plane tes parallel to the tloor).
Check tront to hack and side to side to be sure the tape s level 1o the tloor on all sudes betore
the measurements are recorded. Since the sofdier wilt be wearing gym shorts, the tape cun be
drawn saugly 1o manmize the influcence ot the shorty on the sive of the measurement,

B-6. Preparation of the body fat content worksheets

NOTETT IS EXTREMELY IMPORTANT THAT YOU READ ALL OF THESE INSTRUC
HHONS BEFORE ATTEMITING TO COMPLETE THE BODY FAT CONTENT WORK-
SHEETS MAKE SURE THAT YOU HAVE A COPY OF THE WORKSHEET IN FRONT
OF YOU WHEN YOU ARE READING THESE INSTRUCTIONS

[he toltowing paragraphs will provide informanon needed to prepare the Body Fat
Worksheets for mades und femades, 1A Form 5500-R and S501.R. Dec 850 The
The measurements and computation processes

I
Content
worksheets are writlen an a stepwise tashion
are different for males and temales,

A Y ou wili be responsible tor completing a worksticet for soldiers who exceed the screenmy
tuble werght tTable Ty Tocated i thes regutation, or when a unit conmimander or supervisor
deternunes that the imdinadual™s appearance suggests that hody fat is excesive tpara 200 AR
6095 The purpose of this form s to help vou determine the soldier™s percent beds ta vsing
the circumterence techingue deseribed i this regulanion

Bofore yvou start yvou should have o thorough understandimg ot the measurements to be
made s oudined mothes appending You will abvo need a scade tor measunng body weight. a
sht measuring devices and o measarig tape. with gquarter inch increments. for the aircaris-

e
terence neasuremenis. The specitic descripuon ot these are found carlier in this appendix

SOURCE AR 6000 UPDATE pp. 12 13

B-7. Steps for preparing the Male Body Fat Content Worksheet, DA Form S300-R.
Dec 85

Name Pt the sotder™s Tast names tirst nume. and onddle mmaal in the NAME Block. Adso
meiude his Rank o and Socia! Sevurity Nuniber

Ave Prnt Bie aee o veanss o the AGE block

Weight Measure the soldies s werght as desartbed i thas appendix. 1o the nearest quarter of

wonchs and record the mcasarement i the WETIGHT block

Height NMeasvure the woldier ~ herght as desonbed i ths appending o the nearest pound, and

secord an the HEJGET Blodk

Sote Follow the tade - bor rounding of herehn and werght measarements as deserihed carlier m

ths appendic
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APPEADIX B 259

Step 1. Abdominal Measurement
Sasure the soldier's abdonunal circumierence to the nearest quarter ot an inch. and record 1n
the block labeled "FIRST™.

Step 20 Neck Measurement
Medsure the soldier’s neck circumterence to the nearest quarter ot an inch. and record in the
block labeled “HFIRST™

Note: REPEAT STEPS 1 and 200 series until you have completed three sets of abdomen and

neck arcumferences.

Step 30 Average Abdominal Measurement

Find the mathematical average ot the FIRST, SECOND. and THIRD abdominal circumterenc:
¢y by adding them together and dividing by three. Place this number to the nearest quarter ot
an nch. e the bloch marked AVERAGE., for STEPS 1 and 3.

Step 4. Average Neck Measurement

Fend the mathemantical average of yvour FIRST, SECOND., and THIRD neck circumterences by
adding them torether and dividing by three. Place this number to the nearest quarter ot an inch
in the block marked AVERAGE. tor STEPS 2 and 4.

Step 5. Abdomen-Neck Difference
Subtract the number found i the AVERAGE block of STEP 4 from the number found m the

AVERAGE block in STEP 30 Enter the result in STEP 50 This is the difterence between the

abdomen and neck circumterences

Step 6. Abdomen-Neck Factor

Goto Table B-1 the Abdomen-Neck Bactor Table, and locate the abdomen-neck difterence in
the fettamost column. 10 the ditference s g whole number, s.e. 15 inches, the Abdomen-Neck
Factor v 89930 1 the detference s 1325 inches. the tuctor would be 90,451t the difference s
S50 the factor s 91 020 and it the ditference is 1575 the factor iy 91.55. Enter the appropr
ate tactor an STEP 6

Step 7. Height Factor

Gieoto Table B-20 the Herght Factor Table, and locate the soldier’™s height i the lett most
codwmn I the herght s o whole number. e, 64 inches, the tactor v 77,150 1t the heght s
not o whole number. e 64025 mches, the factor s 77.27. it the height 1s 6350 ipches the
factor v 7739 qnd it the herght w6375 inches, the factor s 77500 Enter the appropriate

tactorin STEP 7

Noter Theretore, the general rule tor the tactor tables vt the measure or ditference is a whole
number. your tactor widl be docated under the 0.00 cotumn, directhy across from the inches
cotumn - Columns 250 30075 correspend 1o measurements that are not whole numbers, but

rather are tractions of annch

Step 8. Percent Body Fat

Subtract the number tound in the AVERAGE block of STEP 7 trom the number tound in the
WV ERAGE block of STEP 6 and coter the difterence in STEP 8. This 1~ the soldier's PER
CENT BODY FAT

SOURCE AR 600 9 UPDATE. pp 12 114
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TABLE B-1

Difference

ininches

N

16

1o
20

SOURCE

(100

S344
59 50
60d.62
6Y .05
T2 96
7646
7063
8232
K317
X7 64
8903
UANIN
94.08
0§ UR
977X
09 4N
10y 16
102.64
1031
TER
106 (Y
JOX 1O
1Oy 34
[IREERN
11182
17204
R
Plsav
[RES )
VT
[ 116
IR
v 9l
(R T
121.66
12250

55.06
6{).85
65.78
70.07
BRE.Y)
7728
%{().37
K120
BS K1
K822
Q0. 4%
9288
U357
V6. 44
G821
PR
10149
103.02
104 48
JOS 8X
107.22
108 St
10975
11098
11210
[RIETRN
11430
[ERIEK]
116360
11734
11830
P19.23
120,13
12101
121.%7
12270

AR 6009, UPDATE. p

Male Abdomen and Neck Factor

50
(W]

S56.61
62.16
66.91
71.07
7476
78 0%
R1.10
R3.N7
R6.43
8R.80
CIRI
93.09
9508
CLNGC]
YR .64
100,30
101.88
10339
103483
10622
107.55
1OR.R2
110,05
1124
11239
11349
114.56
115.60
116.6]
117.36
GRS
11946
120,33
12123
{2208
12291

APPINDIX B

78
[ay]

5K.09
RIS
o8 0
72.03
75.62
TR X6
R1.82
84.53
87.04
X49.317
vl.85
L)»} ﬁl]
CATR
97,34
99 ()6
100,70
10226
103.76
10519
106 56
107 87
114
11025
111.33
11267
11376
IRERR
11556
116,85
11782
11877
119 68
120,87
121 44
12229

12311

o —chn

W . by, 1
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APPENDIX B 26/

FABLE B-2  Mule Height Factor

Inches (.00 25 S0 N
() [ (V)

60 75.23 75.38 75.48 75.60
61 75.72 7584 75.96 76.09
62 76.21 76.33 76.45 76.56
63 76.6% 76.80 76.92 77 04
64 77.15 77.27 77.39 77.50
65 77.62 77.73 77.84 77.96
66 78.07 78.18 TR0 7%.41
67 78.52 78.63 7R.74 7R85
68 78.96 79.07 7918 79 29
6u 7940 79.50 79.61 79.72
70 79.83 79.93 X004 ®O. 14
71 8(0.25 80,35 80 16 ®0.56
72 %0.67 80.77 3087 R0.9K
73 R1.08 8118 K1.2X ®1.36
7 B1.48 X1.5% R1.6% %1.7%
7¢ K188 81.98 82.0R8 X218
76 R2.2R 82.3% R2.47 82.57
77 K2.67 8277 32.86 X2.96
78 R3.08 315 ®3.24 83.34
79 8343 ®3153 33.62 83172
K0 hRES %380 R399 83,09

SOURCE: AR 600-9_ UPDATE. p. 15.

R-8. Steps for preparing the Female Body Fat Content Worksheet. DA Form 5501-R,
Dec 85

Name Print the soldier’s last name, and middle iminial in the NAME block. Also include her
Rank. and Social Sccurity Number.

Age Print herage i years v the AGE block.

Height Mecasure the soldier’s height as described in this appendix. to the nearest quarter of an
inch.and record the measurement in the HEIGHT block.

Weight Mcasure the soldier’™s weight as descnibed i this appendix. to the nearest pound. and
record in the WEIGHT block

Note: Follow the rounding rules for rounding height and weight measurements as described
carlier 1n this appendix.

Step 1. Weight Factor

(o to Table B-3, the Weight Factor Table. and locate the soldier’™s weight in the left-most
cotumn, which is 10 10 pound increments. It the weight 1s exactly 120 pounds. the ractor s
found under the =07 column and 1v 147.24. If the weight is 121 pounds. the factor is found
under the “17 column and is 147,620 If the weight is 126 the factor s found under the =67
column and s 14947 Enter the appropriate weight factor in the CALCULATIONS section,
STEP 11 A

B

- po——
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262 APPIADIN B

Step 2. Height Factor

Go to Table B 4. the Hewghe Factor Fable, and locate the soldier’s height in the lett most
column. §f the height v 0 whole number. te o 64 nches, the factor iv tound under the 0.00
column and s 8375 1t the hetght s nota whole number. 1o, 64.25 inches, the factor (s 84.07.
it the herght s 6350 inches, the factor s 84 40, and of the height s 64 75 inches. the factor s
N4 T3 Encer the appropriate herght factor i the CALCULATIONS sechon, STEP 11 D,

Step 3. Hip Measurement
Measure the sobdier’™s hap arcumiterence to the nearest uarter ot an inch, and record 1 the
block fubeled "FIRST.Y

step 4. Forearm Measurement
Measure the soldier's torearm to the nearest guarter of an inch, and record in the block labeled

SFIRST ™

Step 5. Neck Measurement
Measure the soldier’s neck aircumterence to the nearest quirter of an inch. and record 1n the
block tabeled "FIRST.”

Step 6. Wrist Measurement
Measure the soldier’™s wrst 1o the nearest guarter ot ananch, and record i the block labeted

SFIRST

Noter REPEAT STEPS 3405, and 6 IN SERIES, antl you have completed 3 sets of Hip.
torcarm. Neck, and Wnst aircumterences. When vou have completed this series, find the
mathemancal average for cach of the 4 circumlerence measares and place cach average in its
respectine AVERAGE block.

Step 7. Hip Factor

Gooto Table B 3 the Hip Factor Tabic. and locate the soldier’'s AVERAGE ip circumtference
in the lettmost column. I the circumierence is a whole pumber, e, 36 ches. the Hip
Facton s tound an the 0.00 column and i~ 15830 It the circumterence s not a whole number
but v 36 25 mches, the tactor is 15940 1t the aircumterence v 36,50 the factor 15 16,05, Enter
the appropriate tactor in the CALCULATIONS section. T B,

Step 8. Forearm Factor

Go to Table B .6, the Forearm Factor Table. and locate the soldier’s AVERAGE torearm
circumterence in the ictt-most column, It the circumference s a whole number. e 10 mches,
the factor s found under .00 column and 18 3997 If the circumference is not a whole
aumber but s 10 25 inches, the tactor v 4097, 1 the circumierence is 1075 inches, the tactor
15 4097 Enter the appropriate factor in the CALCULATIONS. 1 E

Step 9. Neck Factor

Go to Table B-7. the Neck Factor Tuble. and locate the soldier’s AVERAGE neck circumter-
ence in the feft-most column. It the aircumiference s a whole number, e 12 inches, the
tavtor s found under the .00 column and s 16250 If the circumterence is not a4 whole
nuiaber but i~ 1225 inches. the tactor s 16,590 It the arcumference s 1250 inches, the tactor
s 1693 1 the circumterence 1s 1275 iches the tactor is 17260 Enter the approprate tactor
im the CATCUL ATHONS wecuon, 11 F

Py
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Step 10. Wrist Factor
Go to Table B-X, the Wrist Factor Table, and locate the soldier’s AVERAGE wrist circumfer-
If the circumterence s @ whole number, i.e.. 7 inches, the factor

ence in the lett-most cotumn,
It the circumterence is not a whole number but 1y

i~ tound under the 0.00 Column and is 3.56.
7.25% nches. the factor s 2690 11 the circumference is 7.50 inches. the factor 1s 3,82 If the
arrcumterence s 7.75 inches, the factor s 3.94. Enter the appiopriate tactor in the CALCU-

LATIONS secnon, 11 G

Calculations

Line . Addition of Weight and Hip Factors
Add TH A, Werght Factor. to 11 B, Hip Factor. Enter the result on line 1 C (Total).

Line H. Addition of Height, Forearm, Neck, and Wrist Factors
Add 11D, Herght Facror, T EL Forearm Factor. 11 F, Neck Factor. and 11 G, Wrist Factor

together. Enter the result on line 11 H. 1 Totah.

Line I. Percent Body Fat

Subtract Line 1H-H from Line-C and enter on Line 1
FAT

SOURCE: AR 600-9 UPDATE. y 6.

This 1s the soldier’s PERCENT BODY
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TABLE B-4
Inches 0.00
S5 71.97
S6 73.28
7 74549
58 75.90
hb 77.20
60 7851
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61 K244
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6 RS.06
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[Sh e .OX
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72 9422
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T4 Uy R
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X 10207
T 140338
N 14 68

Female Heght Factor

28

[BPSE)
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84.07
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9323
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gy TN
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102 34
1370
ITARR1E

SOURCE AR 6o o, LPDATE p
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TABLE B-5
{nches .06
30 1319
2 13.63
32 14.07
3 14.51
kB 1498
IS 15,39
RI3) IS X3
37 1626
X 16.70
Y 1714
40 17 5%
11 18.02
42 1536
41 {8 90
314 19 34
43 1978
16 2022
47 20.66
4% 2110
19 2154
St 2198

Female Hip Factor

[
“n

13,30
1374
1418
14.62
15.06
15.50
15.94
16.37
16.%1
1725
17.69
I8 13
18 87
[9.01]
19.45
19,89
2033
2077
21
21 es

22.09

SOURCE AR 6009 UPDATE, p. 17,

TARLE B-6
inches 0.06)
] JU UK
6 ARICHS
N 279X
by 1) 07
9 IS w7y
T 19 97
1 J10n
12 47 06
13 ST 96
11 S5 08
1S S0 us

SOURCE: AR 6009 UPDATE. p

Female Forcarm Factor

(3]
P

20198
2398
IX9N
1297
36.97
1097
14 96
38 96
52 96
S6 9
6O VS

17

1341

13.85
14.29
14.73
1517
15.61

16.05
1648
16.92
17.36
17.60
1%.24
18.68
1912
19.56
20.00
20,44
20.88
21.32
21.76

2220

S0

2198
2598
29.9%
3397
37.97
41.97
45.96
49.96
53.96
S7.08
61.95
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75

13,52
13.96
14.40
14.84
15.28
15.72
16.15
16.59
17.03
17.47
17.91
1%.35
18.79
19.23
10.67
20011
20.55
2099
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2187

2231
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26,98
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TABLE B-7

Inches

BN e I

SOURCE

TABLE B-8

Inches

SOURCE:

Female Neok Factor

(0

6.77
%12
Y X
10,83
P2.19
13.54
134 90
16.25
17.60
1% Uh
2034

AR 009 UPDATE. p 17,

17.94
19.30
2065

Female Wrist Factor

[RNBY]

[
'./.
4

308

S6
Ay
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[
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1

H 62

R

5

"

T H3

AR 6009 U PDATE,

~3

50
()

7.45

¥.80)
10.16
11.51
12.%6
14.22
15.57
16493
18.2%
19.63
20.99

280
3.3
382
4.3
4.83
s34
585
6.36
687
738
7 KY

A

(1)

7.79

9.14
10.49
11.85
13.20
14.56
15.91
17.26
18.62
19.97
21.33

s

293
RIE R
34
445
4.96
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649
7.00
7.51
.01
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BODY FAT CONTENT WORKSHEET (Male)
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APPENDIX B 269

Figure B-2. Male measurement. Upper left, neck measurement; upper right, abdomen
measurement: lower left, neck measurement.; lower right. abdomen measurement.
SOURCE: AR 600-9, UPDATE. p. 19.
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B80ODY FAT CONTENT WORKSHEEY (Female)
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4

ure B-4. Female measurement. Upper left. wrist measwement: upper right, hip
measurement: lower lett. forearm measurement: lower right. hip measurement.
SOURCE: AR 600-9, UPDATE. p 21
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272 APPENDIX B

U.S. Navy

The standards for retenton i the .S, Navy are included OPNAV
INSTRUCTION 6110.1D (NMPC-68): PHYSICAL READINESS PRO-
GRAM. This instruction is extensive and excerpts here include: the state pur-
pose of the regulation, details of procedures, and relevant reference tables! .

ki Ok

1 Parpose. To provide revined policy and guidance for the implementation of the Phys-
il Readiress Program in the Navy as directed by references (a) and (b). This instruction is i
mator revision and should be reviewed i tts entirety.

20 Cancellation. OPNAVINST 6110.1C

3 Policy Fo ensure the operational ettectiveness of the Navv, every member shall
avhieve and mamtamn standards of physical readiness and participate i a Iifestsle that pro-
motes optimal health This program is designed to support and ephance the physical readiness
o1l personnel Physical readiness triming 1~ .+ omplete conditioning program which reduces
cxeess body tat and develops and mantams the toability . cardtorespiratory. muscular strength
and endurance needed o perform routine and cmergency tasks. The program s a part of the
NavaTs Health Promotion Program. teference (o). which includes the following elements: weight/
tat control. patrition education. smoking education and prevention, high blood pressure identi
freation, stress manggement, alcohol/drug abuse prevention. fow back injury prevention and
physical tirness and sports. Fach command will ensure personnel meet standards.
SOURCE: OPNAV INSTRUCHON 6110 1D, p. 2

2L L

10 Commuanding ofticers and otficers i charge shail:
a0 Apgressively support the Health and Physical Readiness Program.
b Ensure an eftective command directed physical condinoning program is available
tor members not meeting phy<ical readiness test and body fat standards.
¢ Ensure tiat physical fitness and nutritton education be provided through General
Military Traiming (GMT). Education shall stress a combiration of healthy tood choices, exer-
vise and bfestvle ciange
d. Appomt a mimmum of one CEC an the command using departmental and divisional
CHEC assistants 1o carry out this instruction.
e bnsure that all CEFCS:
Dy are -3 oor abine
12y are CPR certified
13y are encouravcd to ohtin ACSM certification
(4 meet satisfactory PRT standards
(5 are not overfat or obese

thy dare not tobacco users

“Further intormation concerming this repulation can be obtained from Headguarters. Depart
ment of the Navy . Office of the Chief of Naval Operations. Washington, D C. 20350-2000
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t. Ensure Cardiorespiratory Resuscitation {CPR) certification training (i.e. American
Red Crossy s conducted at least annually to maintain a mimimum of two qualified personnel.
information concerning CPR certification may be obtained by contactuing the Medical Depart-
ment.

g. Mamtain member’'s OPNAV 611072, Risk Factor Screening/Physical Readiness Test
Results, and ensure this form is torwarded to the appropriate Personnel Support Activity
Detachment/Personnel Otfice upon member’s transfer.

h. Enter the most recent performance on the official PRT in the Fitness Report/Evalua-
tion using gutdance contamed in references (1) and tg). Additionally. members who achieve an
overall seore of outstanding should have this fact noted i the narrative section of the FITREP/
EV AL

1 Ensure a copy ot the most recent command PRT Summary Report is forwarded to
COMNAVMILPERSCOM (NMPC-68i. copy to cham of command. by 30 September of cach vear

1. Ensure that ail members are provided ihe opportunity to attnn and maintan & fevel
ot physical readiness consistent with the standards detined n this instruction.

k. Ensure the physical readiness of members 1s tested twice each fiscal year. no less
than 4 months apart. Commands shall designate iwo tests each fiscal year tor official adminis-
tratine and weporting actions outlined in Table 1. Commands shall ensure thar all members are
properiy notitied of the ofticial west dutes and the OPNAV 611072 shall be completed no less
than 1012 weeks betore the otficral PRT s administered. Commands may conduct testing
more frequently than the required two otficial tests.

I Ensure members tultill the physical examination requirements stipulated i refer-
enve thhy betore participating i their Phvsical Readiness Program. Those members who are
wentstied by medical as sickle celb trint o SCTy shall be given appropriate precautions regarding
proper bvdration betore participation an the Physical Readiness Program.

m. Ensure those members requirmg medical clearimee. as indcated on the OPNAN
61002 are referred to an Authorized Medical Department Representatne 1 AMDR) for medical
clearance prior to participation in the PRT. An AMDR s 4 headth care provider whose current.
authorized scope of carel cither independent or supervised. includes the taking of a mwedicald
history and performing a physical exammation. An AMDR <hall be a medical otficer, physi
Cran’s assastant or nurse pracutioner, but not an independent duty corpsman. When an AMDR
v et assigned or not otherwise avarlable, members requiring medical clearance shall not
participate m o the PRT untit examined by an AMDR at the fiest avatlable ship or shore tacilin

n bknsure members pot meeting pereent body fat or physical readiness standards
participate g command directed physical readiness program. Participation an this program
studt continue until the next otficial PRT

o Bnsure any member. officer or enhisted. faitlmg o maintam standards s subject to
administrative action following references () through (w) as outhined in Table e g, o member
who s diaenoscd as vhese on two consecutive tests and the medical dragnosis of obesity 1
removed for the third consecutive test is considered overfat for the third conscecutive test)
Forpd nottfication ot such action shall be made by page 13 entry (enhsted) or commanding
ofticer antten notification tofticery. Admnnistrative separation shall be anttiated tor menibers

A hoo

civ Fail to pass. fol to participate when required or reman medically diagnosed as
ohese tor three consecutine official PR texcept those medically warved or diagnosed preg-
nanis

12y Are diagnosed obese at the time of graduation or commissioning froni: Recrunt
Trammng, A7 School, U SO Naval Academy. Ofticer Candidate School, Otficer Tndoctnination
Schoolor Naval Reserve Ottficer Trammmg Corps.,

{30 Are derermined rehabitation fatlures durng the 12 month aftercare period h
the commandmg officer tsee paragraph Tley

o Bnsure members granted medical warvers tor any portion ot the PRT for three

L e e - w———
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274 APPENDIX B

conseerone official PRTs (over @ minimum ot 13 months), are referred to a medical board. if
appropriate, based on the recommendation of the medical specialist.

11, Members idenufied as overfat or diagnosed as obese and who meet the referral
critenia listed below, should participate in a non-residential Counseling and Assistance Center/
Alcohol Rehabilitation Center (CAAC/ARC) or residential (ARC) obesity rehabilitation pro-
oram as appropriate.

a. Criteria for Non-Residential Rehabilhitation at CAAC:  Members who have been
identitied as overtat or medically diagnosed as obese may be referred to the local Counseling
and Assistance Center (CAAC) non-residential rehabilitation program (where available). If
meeting eriteria, the CAAC may screen members for the appropniate level of treatment and
muke recommendations 1o the members command.

b. Criterta for Non-Residential Rehabilitation st ARC: Members who meet the foilow-
g critena shall be referred 1o a Non-Residential Obesity Rehabilitation Program/Alcohol
Rehabititation Center tARC) (where available).

1) No previous participation i non-residential (CAAC/ARC) or residential (ARC)
obesity rehabilitation programs during Navy career,

12y Medically diagnosed obese.

(3 Do not have an cating disorder tanorexii or bulimiay,

41 Desire to participate o the program. (1 pot amenable o program participation.,
an entry shall be made in the service record indicating that rehabilitanon was offered and
refused. The member shall be processed for admimistrative separation per reterence (k) for
entisted, reterence emy for officers).

(51 E-S or above. with strong potential for continued service.

() Anaverage of 3.6 or above evaluation marks (except tor military bearing) for 2 years.

(7 Documentation of 6 months of participation in a command directed physical
conditioning program.

(X) One yeur of active daty remaiming following completnion of the non-residential
obesity program. and

(9 Recommendation by the commanding officer.

¢ Critena for Residennal Obesity Program: Members who meet the following criteria
shall be reterred to a Residential Obestity Rehabilitation Program at either an ARC or Alcohol
Rehabilitation Department (ARDY (where available:

t1) Meet all the above eniteria in paragraph 11b(1)-19). and

20 A non-residential (CAAC or ARC)H obesity rehabilitation program is not avail-
abfe within the geographical area. operational commitments do not allow for participation i s
non-restdential obesity rehabilitation program or recommended by CAAC screening.

d Attercare. Upon completion ot an obesity rehabititation program, the member shall
reman in o command directed physicat conditioning program untit the 22 percent tmale) or 30
percent ttemaley standard s achieved.  Aftercare recommendations from ihe rehabihitation
tacihity shall be sent to the member’s commarnd fitness coordinator and shall be included in the
conditioning program. This attercare program shall be tracked by the command fitness coordi-
nator tor a mmimum of | vear to provide teedback to the rehabihtation facihty on the mem-
ber's progress

¢. Rehabilitative Farlure. Members who fail to show consistent and sigmificant progress
fowards meeting Navy body tat standards, fail to move trom the obese to the overtat category
during the 12 month aftercare pentod. or enters the obese category after the 12 month attercare
penod. snall be conadered tor admimistrative separation. Individuals should lose 1-2 pounds of
weight per week or approximately | percent of body fat every 2 weeks,

12, Commanding ofticers and otficers in charge are strongly encouraged 1o provide op
portumity to attwn and maontam fitness during the normal work day.

SOURCE  OPNAVINST 6110.1D. Enclosure 1), pp. 3-7
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\PPENDIX B 275

te. The individual service member shall:
a. Participate in a lifestyle that promotes optimal health and physical readiness. Failure
i tahe PRT due 10 tack of members preparedness shall constitute a PRT failure.
b. Develop a personal fitness program using resource information, the assistance of the
CECLand recreation services departinents.
¢. Take the PRT as required unless medically waived or diagnosed obese.
SOURCE- OPNAVINST 6110.1D, Enclosure (1), p. 9.

o K kR

B

— e ———

-~ by

Jp——"

P e




276 APPENDIX B
TABLE ! Admuinistratne Acuon for Members Who Consecuytively Fail the Physical
Readimess Test or Exceed Body Fat Standards.
EAILS PRT OR OVERFAT* OBESE*~
FAILS TO PARTICIPATE!
WHEN REQUIRED
In/2nd o Ard+ 1st/2nd - 3rd+ 1s1/2nd 3rd+
test test test test test test
Recommiend ves noe ves no no no
promotion/
chigible tor
advancenent
Deliay promo-
tron/wathhold o ves no ves ves yes
advancement
Ehigihle tor
Frockimg no no no no no no
Ftrep/Eval ves yes ves yes yes sy
entpy o
Fheable tor
Redesignation/ yes no? ves Ve pot not
Re enbistienty
Commissionng/
Continuation
Notty NMPC v no ves no no ves ves
MSGANAVGRAM?
Iranster tPCNS.
TEMDUINS: oS no ves ves no no
Posahble
Scparation ne ses no no ne oS

TExcept those medically waived. TEMDU/TAD ar ACDUTRA.

“Entries indrcaning PRT tailure. tinls to participate in PRT . or overfat/obese require comment
m NAratine section

“The eniry will reflect the most recent ofticial PRT result

J\h) he extended untit they have had 13 months in o Command Directed Physical Condiniomng
Program

“For enhsted NMPC- 24 for officers NMPC %20 NMPC-4 for all.

“Overtar -Male 23.23 percent. Female 31-35 percent.

TObhewe  Male 226 pereent. Female 236 percent and medically diagnosed
obese by oan AMDR

SOURCE OPNAVINST 6110 1D, Enclosure 1. p 10
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¢ Section € Body Composition. Values for herght, weight, circumterence measure-
ments and percent body fat values shall be recorded for all members tollowing the procedures
described in enclosure (4). For administratuve purposes, this assessment becomes the official
pereent body tut value and shall be tahen 10-12 weeks prior to the PRT. The CFC shall advise
members who exceed body tat standards that their assignment to a command directed physical
condinioning program i~ mandatory and mitiate appropriate documentation action per para-
graph 100, Automated systems may be used to perform calculations but do not substitute for
compiction of this section.
(Excepuon:  The body fat assessment is waived from the ume of the official medical
diagnosis of pregnancy and for 6 months following delivery.)
d. Section D, Medical Referral. The CFC shall enter the date of referral and place an
“X" 1n the appropriate box(s). Those members with one or more X" shall require reterral to
an AMDR for evaluation and determination as to their eligibility 1o participate in the PRT and
command directed physical conditioning program.
¢. Section E. Medical Evaluation. Males with percent body fat equal to or greater
than 26 percent or females with percent body tat equal to or greater than 36 percent must be
examined by an AMDR to confirm obesity.
t1) The clinical diagnosis of obesity shall be based on a consideration of the ind;-

vidual's:
(ar percent body fat value
(b) tendency to be obese
. family history
age of onset
eating habits
. location of body fat
. psvchological burden
. level of physical activity
tc) presence of health risks associated with obesity
. hypercholesterolema
. hypertension
diabetes
cardiovascular dysfunction
(dy metabolic or endocrine abrormalities resulting in obesity: and
(¢) the chinical judgment of the AMDR
(2) Refer the member as appropriate to a condittoning/ rehabilitation program as per
gwidelines of enclosure (4).
(3) Members diagnosed as obese shall not be allowed to take the PRT.
(4y Only an AMDR can diagnose a member obese.
(5) Only an AMDR can release the member from the diagnosis of obesity and clear
the individual to take the PRT.

f. Section F. Physical Readiness Test Results. The CFC shall conduct an official PRT
following the guidelines of enclosure (5). verify that raw scores for each event performed are
correct and calculate points for overall classification.  Automated systems may be used to
pertorm calculations but do not substitute for completion of this section. (Note: Members
waived from any portion of the PRT shall be marked pass/fail for each item performed and
overall classitication. No point calculations are required.) Member and CFC shall sign this

1 ron e [ 1!.) fos

[

section to certify accuracy of entries.
SOURCE: OPNAVINST 6110.1D. Enclosure (3), p. 2-4.
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278 APPENDIX B

4. Pregnancy.  Atter confirmation of pregnancy. a pregnant member shall be exempt
from the regalar physical readiness program and physical fitness testing. The body fat assess-
ment s watved from the time of the diagnosis of pregnancy and for 6 months following
delivery. Members exempted for pregnancy may take up to 6 months following delivery to
tahe an official PRT. Pre_nant members shall be counsclled and encouraged to participate in
an approved American College of Obstetricians and Gynecologists (tACOG) exercise program.
unless exempted by her health care provider for medical reasons.

SOURCE: OPNAVINST 6110.1D, Enclosure (3, p. 6-7.

&k ok kK ok

Budy Compostion Deternmnation Procedure

I BACKGROUND.  The body is composed of fat and lean (muscle) tissue.  Percent
body tat i~ expre o as a percentage of the total body weight. Attempts to interchange the use
ot body tat ana .y weight measures as an indicator of fitness/military appearance have
frequently resulted in misconceptions and inequities. Obesity is an excess of body fat fre-
guenthy resulting ina significant impasrment of health. Obesity texcess body faty is clearly
assoctated with by pertension thigh blood pressure), hypercholesterolemia (high blood choles-
terol leveli. diabetes and s considered a risk factor for cardiovascular disease. Overweight is
the condinon in which a member’s weight exceeds the average weight-for-height standards
based on msurance industry standards. Although height/weight tables are still used to assess
body composition of members based on age and body size. these tables do not provide infor-
mation on the degree of obesity or the quality of a member’s body weight. 1t 1s possible 10 be
overwerght and aot be overtat.

2. DEFINITION. Reference (ay defines the accepted percent body fat values for men and
wonien as less than or equal to 20 percent and 26 percent respectively. The Department of
Detense goal has been adjusted upward to account for the standard error associated with
anthropometnic measurement. Therefore, the percent body fat values indicating the potenatial
tor obesity are equal to or greater than 26 percent for males. and equal 1o or greater than 36
pereent tor females. Males 23-25 percent and females 31-35 percent are considered to be
overfat

3 GUIDANCE. TAB A to enclosure ¢4y illustrates the body composition screening
decision process to be followed. The mitial body composition screen shall be conducted by
the CEFC using the circumference measurement method described in TAB B, The CFC's
pereent body fat assessment will remain valid for administrative purposes. Those members
with percent body fat 23-25 (males) or 31-35 percent (females) are required to participate in a
command directed physical conditioning program and should receive dietary/nutritional infor-
mation. Enclosure (2) s recommended tor the exercise component and an AMDR can provide
dietary assistance. Members with percent body fat equal to or greater than 26 percent (males)
or ¢qual to or greater than 36 percent (females) must be evaluated by an AMDR. Members
diagnosed as obese shall NOT be allowed to take the PRT. Only an AMDR shall diagnose a
member obese. Removal of the diagnosis of obesity and approval for participation in the PRT
shatl be given only by an AMDR. The body fat assessment is wanved from the time of the
dragnosis of pregnancy and for 6 months following delivery.

SOURCE: OPNAVINST 6110.1D, Enclosure (4), pp. 1-2.
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FAB A BODY COMPOSITION DETERMINATION PROCEDURE

“Deternmined
by CFCT

Males Females
Within less than or less than or
Standards equal to 224 equal to 30%
Over 2300254 % -35%
Standard

greater than or greater than or

equal to 2659 equal to 36%
“Deternmined
by Medical™

OVERFAT OVERFAT
MEDICAL
DETERMINATION

OBESE* OBESE*

*(Member not ehigible to take PRT)
SOURCE  OPNAVINST 6110.1D. TAB A, p. 3.
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Acvtion

nong

Command
Directed
Physical
Conditioning
Program
(Mandatory )

Refer 10
Medicul

Command
Directed
Physical
Conditionming
Program
(Mandatory)

Command
Directed
Physical
Conditioning
Program
tMandatory)

Recommend
Non-Residential
or Residential
Rehabilitation
Program

af ehigibles

[ Y

~r

- m—er- . -

it



280 APPFNDIX B

FAB B PERCENT RODY FAT MEASUREMENT PROCEDURES

I Generad Instrucnons.  Procedures for determumung body fat require the use ot a standard
NON-ELASTIC ametal. cloth or frberglassy tape measure. The tape should be applied to body
landmarks with sutficient tension o keep st place without indenting the skin surtace. Record
measuremenlts to the nearest halt inch. With the exception of the hip measurement for women.

all measurements will be taken on bare skin.

v Measure herght wathout shoes 1o nearest halt inch. Instruct members 1o stand with

teet wopether, flat on the dech. take a deep breath and stretch tatl

-
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APPENDIN B 28/

b Meusure the neck circumterence at g point just befow the larynx (Adam’s Apple)
and perpendicular to the long anis ot the neck. Member should ook straight ahead with
shoulders down (oot hunched). Round neck measurement up and record to half inch. el
Round 16 174 inches to 165 nches).

o Measure the abdominal corrcamterence at the navel fevel to the deck Arms are at
the sides Take measurement at the end ot _member’s normal, reluxed exhalation.  Roond

abdoninal measurement down and record to halt inch. e, Round 33 34 10 34 5 inchess

—-—h =

e w————e
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282 APPENDIX B

d. Determine percent body far by subtracting the neck from the abdominal measure-
ment and comparing this value against the height measurement from Chart A.
1 Percent Body Fat Determination (FEMALES)

a. Meusare height without shoes to the nearest half inch. Instruct member 10 stand
with feet together and flat on the deck. take o deep breath and stretch wll

b. Mecasure the neck circumference at a point just below the lurvnx (Adam’s Apple)
and perpendicular to the long axis of the neck. Member should look straight ahead during
meisurement. with shoulders down (not hunched). Round neck measurement up and record to
hadt inch. (e Round 13 3/8 inches to 13.5 inchesi.

e e A —

b At ———————



APPENDIN B 283

¢ Measure the natural warst arcumterence at the point of mimmal abdominal circum-
terenve. usually tocated ubout halt-way between the navel and the lower end of the sternum
threast bones. When this site s not casily observed, tahe several measurements at probable
sttes anct use the smallest value. Be sure that the tape 1s level. Armis are at the sides. Record
measurements at the end of member’s normal relaxed exhalation. Round waist measurement
down and record 1o halt imch. (e, Round 28 5/& inches 1o 28,5 inches)
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284 APPENDIX B

d. Measure the hip aircumterence while fac ¢ the subject’s right side by placing the
tape arvund the hips so that it passes over the greatest protrusion ol the gluteal muscles
thuttockss and is level to the deck. Apply sufficient tape tension so that the effect of clothing
ommimzed. Round the fip measurement down and record to hatfinch. (e Round 34 /8
inches down to 44.0 inchess,

¢ Determane percent body fat by adding the waist and the hip measurements, subtraci-
e the ned measarement. as b companng this value against the herght measurement from
Chart B
SOV RCTE  OPNAVINST 610 1D Tab B o Enclosure 45 pp 4-%
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CHAF1

A

PERCENT FAT ESTIMATION FOR MALES

Circumtoroace

Value s

I Py = —

-
g

1.0

150
iss
160

th 3

180
[
tan
tas,
2y

MO

ottt ts

st ts ty
P e S R D
7

>
el

7

i
»

< -

PRI SV DR VI SV R )
T = >

SK A
290
2495
M0
303
0
BRI
ERED)
s
IRE
18
W
LR
38 1)

*Crrcuatference

[1eNY]

3

ity

Rh
b
14

EIN]

605

1y
0

26

Y

RAQ

3
o
IR}
3
1S

AN}

i

K
2]
19

Value = ahdomen circumterence

61.0

26
27
2%
AL

]
0

19
19
30

Height tmches)

013

PV

624

20
21
SN
RR!
24
25

26

0
1
vl

I

1

YRV NCR
N e b

P

3y
17
i
39
39
10

nls

RN e S S

s —

3%
1y
0

U

20

JURRSIEN
e st — =

T T
A SN e

iy
40

29

A0

NN de s as b

i ss Ces pb se s ad s

]

W
i
Y

10

ook circumterence Gininches)
SOURCE: OPNAVINST 6110.1D. Tab B to Enclosure (4, p, 9
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CHART A

Circunterence

Value®

1o
V.S
120
12
130
i
140
145
154
155
160
165
7.0
178
BRI
1.8
9.0
[RF I
200
208
21
21A
220

20
20
BRI
2300
245
25.0:
255
200,
RN
2700
7.5
280
285
29.0;
Y5
).
RITEE
L0
3.8
N2
325
130
PRI
4.0
S
s 0.

N

65.0

PV )

J R )

10

26

28
%
29
30
|
32

1

i3

RS
RN
6
36

)

633

R ]

1o

2K
20
30
!
H
32
31
RB
IN]

16
37

Lh)
RES
9

a6 )

it
37
RY)
k1
10
19
40

PERCENT FAT £5PIMATION FOR MALLES

Heght (huchesy

6H6 S

16

I
20
21
Rl
RS
23
24
AR
26
v
28
29
29
30
3

32
3

34
RI
6
36
37
X

39
40

7
O/

oty —

»

29
30
31
3
R
13
33
4
is
16
36
17
37
IR
3
19
40

Rt

*Crircumterence Value = abdomen circumterence

SOURCE

67.5

e T =

Yy
18]
H
12
13
14
16
17
18
14
Lo

30

36
37
37
iR
3%
39
40

680

16

¥
19
20
21

R

AR

24

25

26
27
Rt
29
29
30
31
32
2
33
RE
RE}
15
36
R
37

3K
3
39

688

16

pps

V} 6
7
37

38
30

30

69.0)

RE
38

40

nech circumterence an inches)
OPNAVINST 6110.1D. Tab B to Enclosure ¢4y, p. 10,
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CHART A

Circumterence

Value*

Lo
115

120

125
13.0;
RIS
140
148

150

153

16,0
163

17.00
17.5

IR
185
19.0.
iy.s

2000
20.5:
21.0:
RANRE
220

225
23
235
24.0:
REI
280
255
26.0:
26.5;
270
275
28.0:
X5
29.0):
295
30.0:
30.5:
1.0
315
2.0
25
313.0:
LRINE
40
335
35.0:

700

e —

4

t6
17
I8
19
20
J|
e
23
2
25
25
26
27
%
2
29
20
3
31
32
13
33
34
35
35
6
37
37
N
39
19
40

0.5

16

1%
19
20
21

Ll

23

1
24
25
26
27
27
R
29
0
30
31
2
33
33
34
35
35
36
36
37
38
R}
9
9

71.0

[
=

1o
>

2%
29
29
)]
1
3
32
33
34
34
35

36
37
17

R
39
40

PERCENT FAT ESTIMATION FOR MALES

Height ainches)

71.5

w1 A s b =

o

19
20
20
21

AR}
3
2
R
25
26
27
28
29
29
30
Rl

31

32
33
33
34
35
35
36
37
37
Rt
R
39
40

72.0

X~ D> ke

= ¢

e AR B RN I Y I )

18
19
20
29

)
AR
24
24
25
26
27
2%
%
29
30
30
3
3
13
n
34
35
35
16
36
37
iR
W
39
39
40

*Circumference Value = abdomen circumference
SOURCE: OPNAVINST 6110.1D, Tab B to Enclosure ), p 11.
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neck circumference tinnches)

287

19
20
21

3
23
23
24
25
26
27
27
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17
3w
P
29

o




288

CHART A

Circumterence

Value*

{1.0:
11.5:
120
125
13.0:
115
140
14.5:
1340
155
160
16.5:
V7.0
{7.5:
18.0:
IS
19.0:
19.5:
0.0
20.5:
210
218
220
225
234
235
24.0:
248
254
RATAH
260.0:
26.5:
27.0:
275
AL NEH
REIN
290
29.8:
30.0:
30.5:
1.0
s
32.0:
s
3140
IR
140
345,
RANIN

7S

b S e R S L A

— =z

PV g ]

4

29
30
3
31
32
33
33
4
34
35
6
k13
17
17
¥
R

20
21
21
Y
23
24
25
5
6
Iy
x
29
30
30
31
32
2
33
RS
13
RE
35
36
37
17
8
R

760

24
20
21
hal
AR
24
29
25
26
5a
27
o8
29
24
0
31
31
32
kR
33
kB
38
s
RIS
36
17
RA
iR

Herght tinchesy

T6HS

19

tJ

R Y

[JU QU SO S )

[
N

1o
>

")
>

2

2K
249
24
30
R
31
32
33
RE
RE
34
15
36
36
37
37
RIS

PERCENT AT ESTIMATION FOR MALES

7T

19
20
2
hle]
23
23
25
26

27
R
28
2y
30
30
3
32
32
33
RE
RN
is
35
36
37
37
38

71.8

o b —

X~

9
10

1
12
12
14
15
{6
17
1%
19
20
21

21

4
23
24
25
"
z‘f,
27
27
28
29
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310
31
32
32
3
33
34
is
35
36
36
17
R

78.0

i6
¥
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2
24
24
25
26
27
27
28
29
29
30
31
21
12
33
33
34
RE
25
36
36
37
17

78.5

f6
17
18
19
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22
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n
2
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26
26
27
28
2R
29
30
30
31
32
2
13
34
34
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36
37
37
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et —

~J

Y
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12
13
14

16

26

3
29
0
0
Al
2
n
33
33
A
s
3
36
16
7

*Circumference Value = abdomen circumterence — neck circumference (in inches)
SOURCE: OPNAVINST 6110.1D. Tab B to Enclosure (4), p 2.
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CHART A

PERCENT FAT ESTIMATION FOR MALES

Circumterence

Vialue*

i8S
()
6.5
7.0
758
RENCN
RE I

75.0 785 76.0

39 R 39
40 J0 9

40

Height (inches)

3

77.0

Crrcumterence Value = abdomen arcamterenee

SOURCE

778

iR
i

1

1

RiY]

40

R
40

nech Grrcumterence anonches)
OPNAVINST 61100 1D, Tah B to bFoclosare nd 08

289

40

—tnp e

e e




290

CHART B

Circumicrence

Value®
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a
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45.0:
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47 .4
476
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1o 1)
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S0
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PV IR A A |
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PRV AR ]
I T
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o
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S
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=
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7
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.;E
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I
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CHART B PERCENT FAT FSTIMATION FOR FEMALES

Height tinches)
Circumterence
Vilue™ 630 633 64.0 64.5 65.0 655 66.0 66.5 67.0 67.8

45 - - - - - - - - -

5.0

1SS .

6.0 0 - - - - -
RN | 1 0 B

3T 2 2 1 1 1 ¢!

75 3 3 2 2 2 1 | | 0 -
3K 4 3 3 3 2 2 2 { i I
85 S 4 4 4 3 3 3 2 2 2
0. 6 Al 3 N 4 4 3 3 3 2
REINE / 6 6 6 s N 5 4 4 4
0.0 7 7 7 6 6 fH N S s 4
403 b b % 7 7 7 6 [ 6 Al
41.0: Y 4 S 8 X 7 7 7 6 6
31.5: Ho 10 9 9 Y 8 X X 7 7
420 M i0 10 10 9 9 [§) X IS X
42.5: 12 11 1 It 100 10 10} 9 Y 9
43.0: 12 12 12 11 11 11 10 10 1 ]
435 I3 13 13 12 12 12 1 11 H 16
4.0 14 14 13 13 13 12 12 12 11 1
445 15 15 B 14 14 13 13 13 12 12
450 16 is ] 15 14 14 14 13 [ 13
455 i6 (6 i6 15 is 15 14 14 P4 13
160 17 17 17 16 16 16 18 IS 15 14
465 [ I8 17 i7 i7 16 16 Xs} I s
170 19 1% Ix 18 17 17 17 i 16 16
475 19 1o 9 I8 18 I 17 7 17 I
4X.0 20 20 20 19 19 1% 1% I8 IX [
488 21 21 20 20 B 19 19 19 ¥ [
190 AR A ha! A Mt 20 20 19 i 1]
493 22 22 22 21 21 21 20 20 20 19
0.0 23 23 22 22 22 21 21 21 20 20
S8 24 23 23 23 22 22 22 21 21 21
SO 24 24 24 23 23 23 22 22 22 21
SES. 28 28 24 24 24 23 23 23 22 22
320 26 25 28 25 24 24 24 23 23 23
5258 26 26 26 25 25 25 24 24 24 23
S3.0 27 27 26 26 26 25 25 28 24 24
S35 28 27 27 27 26 26 26 25 25 RA
54,0 28 AR 2N 27 27 27 26 26 26 2s
S48 29 29 A RE 2% 27 27 27 26 26
S50 30 R{Y) 29 29 X o8 RE 27 27 7
358 M 30 ) 29 29 29 2N 28 28 27
S6.0 b8 3] Y 30 10 2y 2y 29 28 2%
S6 S 32 1 b 3] 30 30 ] 29 29 29
ST 2 12 2 k3| 3] 3 ) 0 B A%
ST 3 I I D 3 1 1 30 0 30
SN0 R 13 11 32 32 32 3 3 3] 30
AW S i L] i3 13 LR 32 12 32 b 31

*Circumterence Value = abhdomen ewasty B+ hip o neck circumterence timoinchesy
SOURCE OPNAVINST o1 1000D. Tab B to Faclosure ¢, p 15

o A

——en

PRV

ey




e ——

292 APPENDIN B

CHART B PERCENT FAT FSHMATION FOR FEMALES

Height cinches)
Circumterence

Vialue s HX.D 685 69 0 6Y.5 700 70.5 THO T71.5 72.0 72.5
1S .
330 -
IS5 - t
6.0 -
6.8 -
ATy -
(Sl B
IS0 1} B _
N | | | Y] O -
0 ) D 2 2 I ! 1 0 ]
R A 3 A 2 2 2 1 i | 0
SRR 4 4 3 3 3 3 o 2 i ]
30 s 5 5 A 3 4 3 3 A 2 2 !
1on [} 3 3 5 h} 4 4 4 3 3
1S s f t f 3 3 s + + .
a0 7 z 7 8 ) 0 3 S :
ERE X X 7 7 7 6 f [ 6
130 4 ] ] N R X 7 7 7 6
13 s 10 i v Y Y X X X 7 7
40 ! 10 1) 10 Y 0 4y g 5 X
115 12 11 1} 1] 14) 1) 10 Y Y 9 fﬂ
EANEE [N 12 12 1 1 11 i HO Iy 18] '
BRSNS 13 13 12 12 12 12 I T 11 10 N
it i) T4 1l 13 13 13 2 ! [ I Hl
36 < IS 14 [ 14 13 i3 13 12 12 12
47 19 is 15 14 It I4 I3 143 13 13 :
178 [t Tt 1S 15 15 15 i 14 14 13 i
4%.0 17 [ HY i6 16 13 N 15 14 14 !
xS 1N i 1° [ t6 6 Pe 15 N 1s 4
o I~ I~ I~ 17 17 17 16 16 16 15
495 14 14 Px [ I8 1~ 17 17 i7 16
SO i I 1 ] ] {X Lo (N i i3 17
SS N1 24 20 19 19 19 14 18 I~ I8
S N 21 20 20 o0 ki3 ta 19 19 I8 .
SES o2 ' 2 21 21 20 20 20 R 19
S20 22 22 22 22 24 AR AN 20 2y 20
28 n 2z AR 22 AN 22 R A3 2 20 i
Sin 2 23 23 23 23 22 22 22 21 21 '
Si s 24 2 24 ) 23 23 23 22 22 22
S 2s 28 24 24 24 23 23 23 23 22
AR 2 3 25 25 24 24 24 24 23 23
S 26 o6 25 A 23 24 24 24 24 <
S N 26 20 2 25 A 25 s AR ’
Shon 2N 27 2" 27 26 20 26 25 25 28
Sy S AR o8 28 27 27 27 26 26 2 25
ST o 29 2% X 28 27 o7 AR 26 26
SN W 29 Y] 29 28 2 ON 2T 27 27
AN 1) i) A 2y 0 ) o8 28 2N 27
SN A i i ) 3 0 ALY A 24 2N 2%

Circumiterence Value — abdomen cawst T+ hip neck cocumicienees anoaches)
SO RCT OPNAVINGT 6110 1D bab Bae Paclosare ¢y p o 16
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CHART B

I

Circumterence

Value*

REN
IS4y
5.5
RINER
6.5
RIERES
7.5
RENES
IS
()
BN
$0.0
40 5
410
415
420
428
430
435
430
443
450
BRI
6.0
46 3
17 0
47 5
480
4¥8.5
BURS
393
S0
505
ST
SIS
AN S
525
AREEE
S35
540
S48
S50
588
S6.0-
56 <
S7T.0
575
SK.0-
K5

*Crrcumterence Value

SOURCE
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1
1
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17
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N
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¥
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PERCENT EAT ESTIMATION FOR FEMALES

Height (inchesy

740 735 750

(} 0 -
I | |
) Y 3
B B )
-4 4 3
S 4 4
s 5 S
6 6 6
7 7 6
8 h 7
9 b N
4 9 Y
10 1) 10
il 11 10
12 P 1
12 12 12
13 13 13
14 14 13
15 14 14
15 15 IS
16 16 IS
17 16 16
17 17 i7
1% 18 17
14 Is A
19 19 19
20 20 20
21 20 20
21 21 21
22 22 2
23 22 22
23 23 23
24 24 23
25 24 24
25 RA 25
26 26 25
26 26 26
27 27 26

= abdomen (waist) + hip
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>
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>
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CHART B

Crircumterencee

S
ALl
il
6H01
ol
6
2
0t
(8]
6
[£B]

A
3

Value”

()
N
()
3
8]

*Crircumterence Value = abdomen twaisty

SOURCE

sx

Height ninchesy

393

—d

o

19
1y
30
4
1
EN
42
11
13
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CHART B PERCENT EANTESTIMATION FOR FFMALES
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U.S. Air Force

The height, werght, and body tat standards tor accession and retention
in the ULS. Aur Force are included in Military Personnel: THE AIR FORCE
WEIGHT AND FITNESS PROGRAMS (AF REGULATION 3511, 10
Apnl 1SS This regulation s extensive and excerpts here include: the
stated purpose of the reaulanion, details of procedures. and refevant refer

ence tablest.
CHAPTER 1

GENERAL INFORMATION

I Generd Information Department of Deterse iDODy Direcrine T30 1029 Tgne Tuxt,
requatres cach nudtary serviee to provide g werghe management and physical Biness prograne
Fhe wershtand fitness progranms are calored to meet DO objectives and the speaitic needs o
the A Force Wesght management and physical tiiness are Dished to st nrage and el

exteem and promote an overall healthy Btestsle tor abl A Force miembers whide proving

mihtary appeance amd pertormance M Force members are responsable tor aohevimg 9
mantaninge the standards of aeght and plecsical fupess detiedm thes repalation -
4
1-2. Terms Faplained:
4. Aerobic Activity,  An cnduranc e exercae which Tasts contmuousiy over a pennod
of e cpasiem 20 mannte s and enhances the il of the bedy e move i anto and oat ef
the Tunys Inctudes activies such as rinning, wadkme s oveling, rope shipping. swimnnne
h. Body Fat. The pereent of body s tat tissue versus total body owerehin dhody muscle
i hones water and o
¢. Body Fat Measure (BEM) Adjustment. An apuard or downward adiustment 1oa 8
monher ~ nrasanum alfowabic wersht stindard based on determination ot an mdicdual's
percentase o bedy tar Comphance with body ta standards sl bedetarmmed by cacamier
cnce measurement procedures as onthned moattachment 4 and AFR 16017 Perconnet Dats
System PDScode 3
d. Clinical Obesity. A\ subpective decision by the medicat practiioner that the mem !
ber appears ohese anid there Scomderbving medical conditon that causes obesity cABRR o
[T prevenis werght foss g
¢ Fitness Faaluation, A1 deast an annnal exvent conssting of the TS pude pun or 3
ke walk
1 n
"Further mtoomation concernme thes recubition can he obtmned from the DEPARTNEN
OF THE AR TORCH . Headguarters US e Forge, Washmeton, DO 20330 Shoo
'
)



JUN APPENDIX B

f. Fitness Improvement Training (FIT) Program. A chabilitative program that
mcludes an exetene regimen for members who are not prepared tor or who Jo not sucoesstully
complete ther titness evaluation. Placement an this program for 4 nimmum of 0 days 1
nundaton Extension bevond V0 dayvs s at the umit commander’™s diseretion,

2. Desired Body Weight. The weight at which a person s the healthiest and should
have the best hfe expectanes. Desired weight is approximately 10 percent o1 more below the
niavmum alowable weight,

h. Maximum Allowable Weight (MAW). An individual s maximum allowable werght
asrequired by A Porce werght tables cattachments 2 or 3 or as adjosted based on an up-
proved body fat measurement or werght waiver

i. MAW Standard Adjustment. An adjustment to the MAW wandard. May be cither
an approved BEM or werght waner

j- Medical Practitioner. A physician, or u physician assistant (PA). nurse or nurse
practivoner (NP oworking under a physician’s supervision. who s authorized to ceruty the
individual™s werght condrtion s controllable. the bady tat measurement was properly admins-
tered. and provide a determinaton of chinical obesity. - May recommend entry into o safe
CAUTLISC progrdnt.

k. Monthly. Calendar month. or period ot time from any day of the month o th-
corresponding day o the next month. Periods ot approsimatels 30 days

L. Observation Period (Weight Management Program (WMP) Phase I, Phase 11
indicates the member has met his or her MAW. Duning this 6emonth pertod. the member
continues monthly werghr checks and diet counselings to rentforce a healthy hifestyico PDS
vaode 3

m. Overfat. A condinon characterized most accuratels by the excess body tat
or moere rouchly oy body werght oxceeding the MAW accordimg 1o Air Force standards of
wereht As used i this directnes evertat reters to the condiion which ovists when the hody
tat exceeds 20 percent tor men, age 29 vears and under: 24 percent for men. 30 vears and
over. 26 percent tor women, age 29 vears and under; 30 percent for women. 30 scars and
[RANA)

n. Overweight Individual, An individoead whose werght exceeds the MAW tables or
anappreved BEM or wercht wanver adpustiment

0. Physical Fitness.  The ability to raprdby ranstorm stored energy into work, The
abihiv todo dady tasks etticientiy s wnthoat undue tatigoue. and have ample energy remainimg
tor malitary contingencies, emergencies, and leisure time pursuits,

p. AF Form 422, Physical Profile Serial Repert. According to AFR 16043, Medieal
Eoammation and Medical Standards. an AF Form 322 iv used for communmicating imformation
trom a medheal tacihity 1o personnet. command, and traimng authorities. Deserrhes the evam
mee s conditor e nontechmical terms, and is used for notng duty restrictions and assignment
Hmtatiens

4. Personnel Data System (PDS). A computer system 1o verticalhy flow and update
pecsonnel intormation from the base personnel file 1o Headquarters A Foree personnel tile.

r. Probation Pertod. A I-vear period of tme following removal from the WMP
Commanders and superyvisors manmtamn documentation on andividuals who successtully com-
plete the WAPS Documentation indicates presious WMP participation and 1s manntained tor |
vear crom the date the member s removed trom WMP. PDS code 7.

sooSatisfactory Progress. Weight loss of at Teast 3 pounds cach month for women and
S pounds cach month tor men. PDS code |

t. Temporary Medical Deferral. A temporary deferral trom a funess evaluanon, FPELL
WP or 90 day exercre program tor documented aaedical reasons. Recommended by o
medical pracunoner and approved or disapproved by the umit commander. Approved or reval
clated by the uni commander moncrements not to exceed 6 months. PDS code S for WMP

deterral, only

-
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u. Unit Fitness Program Manager. An individual selected by the upit command=t o
assistand advise the unn commander regarding the vaig fitness program responsthilities.

v.o Unit Weight Program Manager. An individual selected by the ymit commander 1o
asitand advise the unit commander regarding weight program responsibitities.

w. Unsatisfactory Progress. Failure 1o lose 3 pounds cach month for women and 3
pounds cach month for men while in Phase 1. or a werght pamn over an individual’s MAW at
any time durtg Phase [1 or while in the probation peniod. PDS code 2.

v Weight Management Program (WMP). A rehabilitation program designed 10
assinb overwerght indinvaduals i obtainimg sanstactory werght loss v order to meet Air Foree
standards. While in tie WMP. members witl weigh monthlyv, receive recurning diet counsel-
imes.and a Q0-day exercise program to complement thewr wetght loos program.

v. Weight Program. A program tor all Air Force members that establishes Air Foree
standards ot werght and provides o rehabiitation program tor those who are not within stan-
dards,

7. Weight Waiver Adjustment.  An upward adjustment to @ member’s MAW ap-
proved by the base commuaider. Medicad practitioner determines member i not chnwally
oheses umt commander determines member presents a professional military appearance. and
buase command o approves or disapproves. PDS code 4.

SOURCE: AF Regulation 35-11. pp. 5.6,

o

CHAPTER 2
AIR FORCE WEIGHT PROGRAM
Section A—The Weight Program

21 Introduction. The Amencan pubhic and s elected representanves draw certam
condlusions on miditary ettectiveness based on the appearance presented by Air Foree mem
bers . There must be no doubt Air Force members hive by a common standard and are respon-
sive teonuhitary order and discipline. Obesity detracts from mahtary appearance and weight
management s finked oo seltamage and sell-esteem. The pgoals of the Air Force Weight
Provram include encouraging an overad! healthy litestyle and improvimg miliary appearance
and personal readiness,

2-2. The Weight Program:

a4 Werght managemen s an andividual responabibiny and apphies 1o alb Air Toree
members Reaching and mamntiiming a desired body werght s medically advised. Werght
reduoction normally reduces high blood pressure. improves blood suga. utilization and often
decreases excessive blood tats assocuated with coronary artery disease. Military members musi
have the physical and mental stamina to deal with the stress of military lite while functonme
at peak cthiciency . Poor werght management can negatively aftect flexibitity. mobility, and
cendurance. and therebs tmpact Air Foree readiness: therefore, weight management o a vital
part of our peacehime preparation for combat readiness. Al Air Force members must be
prepared for worldwide muhtary operations and contimgencies, The Atr Force Weight Program
objectves are 1o
1 Bstabhish g uniform system tor werght management tor Air Foree people
2 Provide standards which enhance the attminment and retention ot pood health
ard phivsical trtiess
P Fohance the overadl appearance and «ftectiveness of the ruhitary organization
b The WMP ac g rehabilitative program tor members who are not within the wereht

standards detined by this regulation The objectives ot the rehabilitation program are to

e ap——



300 APPENDIX B

(1) Provide rehabilitative counseling using available base resources and facilities;

{2y Encourage sate weight loss and development of a healthy litestyle:

(3 Provide commanders @ tool 1o evaluate @ membor’s progress on a monthly
hasist and

4y Provide commanders options concerning administrative action for WMP
partcipants.

Weight management is a contimuing process that requires a healthy lifestyle to
promote productivity anda cfficiency.  Each Air Force member is responsible for developing
and maintaming a lifestvle it wcludes a properly balanced diet and an eftective physical
conditioning program. Such o lifestyle will support our profession and the objectives of this
regulation. The success ot this program requires the personal effort trom each Air Force
member and the support trom commanders and supcivisors at all echelons.

SOURCE: AF Regulation 35-11 p R

2-13. Individual Responsibilities. The individual 1s responsible for keeping his or her
werght wathin the estabhished Air Foree standards of weight, maintaining a sate and proper diet
regimen and participating in o vear-round conditioning program that complements the weight
program goals and objectives. Members in the WMP must meet the monthly weight loss
standard and make every effort to be within the appropriate Air Force standard of weight by
the date established by the unit commander.  Establishment of a retirement date does not
relieve the member of the responsibrinty to meet mission requirements, nor does & retrement
date justity retaxing At Foree standards. Just as importantly, o member s reurement date does
not relieve commanders or supervisors of the responsibility of enforcimg standards or of offer-
teg quatiny rehabilitative support. The member’s health. well-being. and personal readiness are
important throughout nuhtary service and mto retitement singe members remann subject o
recatt for nattonal emergencies
SOURCE. AF Regulation 3511 p. 1

Section C—Weight Standards and Maximum Allowable Weight (MAW) Standard
Adjustments

2-15. Weight Standards. Individuals are responsible tor keeping their weight within the
preserthed weight standards. Werght tables define standards (attachments 2 and 3. Werght
chedks tor all personnel are necessary to ensure compliance with Aar Force standards and to
identity and assist people who exceed standards. Air Foree body fat standards are 20 percent
tor men 29 vears and under. 24 percent for men 30 vears and over: 26 percent tor women 29
and under: 30 percent tor women 30 sears and over. Members who are identified as over-
werght or overtat are entered into the WMP to help them safely lose weight, achieve a profes-
stongl mihitary appearance. and ultimately. comply wath Air Foree standards.

2-16. Maximum Allowable Weight (MAW) Standard Adjustments. An adjustment to
the MAW standard may be cither an appioved BEM or weight waiver. Members who exceed
the wereght table standard may be overtat. Members who are within the wesght table standard
miy be overtat. To allow tor these situations, two methods are available to commanders to
adjust o member’s werght stanaard

a. Body Fat Measurement Adjustment. the unit commander is the approving offi
cer tor BEM adiwiaiments. A body fat measurement adjustment may be approved tor a person
who cveeeds the MAW, but presents a professional military appearance.  In this mstance. the
smedvdiad may requite an upward adjustment ot the MAW. Conversely. an individual who is
within the werght standard. but does not present a professional military appearance. may
require v downward adjustment of the MAW. The unit commander may do a BEM within the

[ S
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unit. or request a BEM be pertformed as part of a medical evaluation, Procedures: Involvement
of a medical practitioner is at the unit commander’s discretion. Upon receipt of a medical
recommendation or atter completing the BFM in the unit. the umit commander establishes the
member’s MAW by using either the tables at attachment 2 or 3, or the BEM results at attach-
ment 4. The commander should consider personal appearance and if provided. the medical
practitioner’s recommendation, when establishing the MAW.

b. Weight Waiver Adjustment. The base commander is the approving authornty tor
weight warver adjustments. A weight waiver adjustment may be approved tor people who
exceed their MAW are not chinically obese, present a professional military appearance, and
the BEM does not adequately adjust their MAW. Procedures: The unit commander refers the
member to the medical practitioner for a climical obesity evaluation. The medical pracutioner
responds to the unit commander stating the member is or 15 not chinically obese and. 1t conud
ered appropriate. recommends a MAW standard adjustment. The unit commander endorses the
medical evaluation to the base commander recommending approval or disapproval. The base
commander establishes the member’'s MAW based on the medical practitioner’s and unit com-
mander’s recommendanon, or disapproves the request. The decision is returned to the mem-
ber's unit commander.

c. MAW Adjustment Procedures. The unit commander advises the member and the
member’s immediate supervisor of an approved or disapproved MAW adjustment. [t the
member is not in the WMP. the unit weight progrum manager reports an approved MAW
adjustment (code 4) to CBPO/DPMQA. It the member 18 tn the WMP, the adjustment does not
excuse the member tfrom completing the WMP. Members in the WMP must progress through
the 6-month observation period (code 3) and 1-vear probation period (code 7) before the
adjustment is reported to the PDS as code 4. Individuals with approved MAW adjustment. are
weighed at least semiannually and the adjustment is revalidated semiannually by the unnt
commander, Approval and semiannual reviews of the MAW adjustments are recorded on the
AF Form 379 and reported to the CBPO/DPMQA tor PDS update. Should the member exceed
the approved MAW adjustments, the member s entered into Phase 1 of the WMP and i
reported accordingly.  The unit commander may reevaluate either MAW adjustment at any
time.  Based upon the recommendation of the medical practitioner and (or) an unacceptable
milhitary appearance. unit commanders may revoke a BFM adjustment any time.  Unit com-
manders may also recommend a weight waiver be revoked by the base commander at any time.
Members and their immediate supervisors are advised in writing of any change to the mem-
ber’s MAW adjustment.

2-17. Appeal Procedures for MAW Adjustments. A member may appea!l a decision to
approve, disapprove, or revoke a MAW adjustment.

a. The wing or equivalent commander is the final approval or disapproval authonty for
MAW adjustment appeals. The wing commander may act individually or by case file review,
by inatvidual presentation, or may convene an appeal council of officers tor determination ot
proper disposition of the appeal.  An appeal council of officers may be created on an ad hoc
basis. It the appeal counct! option is clected, the wing commander (or representative) is
responsible for selection of members and establishing council procedutes. The wing com-
mander’s final decision 1s sent by letter to the individual's unit commander, who informs the
individual and supervisor. During the appeal the WNP participant is weighed monthly, but is
not subject to administrative action. Appeal procedures are outlined bejow:

b. The individual initiates an appeal in writing (attachment 14) to the wing commander
through the appropriate chain of command within 10 duty days after notification of the MAW
adjustment deciston (attachment 13). All appeals must include indorsements of the immediate
supervisor, unit commander. and the base commander. if unusual circumstances warrant. such
as temporary duty (TDY). hospitahization, emergency leave, the 10 workday suspense may be
adjusted by the unit commander accordingly

.+ wos—. .
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¢ The umt commander provides the tollowing documents as a part of the appeal

apphcation

(1 WMP case hile

2y Current records review Report on Individual Personnel (RITP).

13 Copies of last three APRs or OFRS

4y Copy ot Al Form 1137, Unfavorable Intormation File Summars . if applicable

(S) Umit personnel tolder af apphicabley  The RIP and copies of last three APR or
OERN will be provided to the umt commander by CBPO/Military Personnel (DPM)y upon

Foyest

Section D—Weight Program Requirements

2-18. Weight Program Reguirements. The MAW 1ables attachments 2 and 3) by no
means retlect individuals” desired werght but rather therr “maxaimum atlow able weight.” De-
sired weight s the werght at which a person should have the best life expectancy. Desired
body weight s usually determimed imdividually. depending upon the person’s bone structure
and muscle muss As a rule of thumb, 10 percent below individual’s MAW tor height more
closels approvimates his or her desired weight as caleulated by the accepted height and weight
charts. Mamtaining a desired weght s medically prudent. The weght program requirements
apply to all Air Force members. There are no exceptions for tlving personnel under the
provisions ot this regulation. Flying personnel who are determined overweight by the unit
commander are referred o the servicing thight surgeon for medical evaluation.  The flight
surgeon decides it the overweight condition is a threat to flying satety, member’s tlving status.
and torwards appropriate documentation and recommendations to the servicing thght manage-
ment otficer and umit commander. The thght surgeon then reters members 1o the DBMS
appointed medical OPR tor the base wesght program for evaluation tor possible entry into the
W\P

2-19. Weight (Checks, Height Measurements, and Scale Calibration:

a. Weight Checks. Arr Force members are weighed semiannually durig the months
ot January and July - However. members who are 10 percent or more under theirr MAW, only
require an annual werght check. Umit commanders and supervisors may weigh members as
otten as deemed necessary: tor example. if they believe a member exceeds the weight standard
and oy does not present a professional military appearance. a weight check may be required.
Eventrelated weight checks dfor example. weight checks prior to PME. TDY or PCS) occur-
ring i January or July may satisfy the semiannual or annual requirement. For specific weight
check procedures. see attachment 1. paragraph a.

b. Height Measurements. A member’s official height is deternined at the command-
er’s first directed wergh-n after the member arrtves PCS or the unit commander may elect to
use the height trom the individual™s last official physical exam. The officiat height 1s docu-
mented on AF Form 379 and may be used for the duration of the member’s assignment to the
installatton. Unit commanders may remeasure a member’s height if deemed necessary. For
specific height measurement procedures, see attachment |, paragraph b.

¢. Scale Calibration. Scales should be calibrated every 12 to |5 months. (Reference
AFTO 33K-1-1000) Movement ot scales should be avoided. Placement of scales on noncarpet-
ed surface or plexiglass 1s recommended.

2-20. Permanent Change of Station (PCS) or Permanent Change of Assignment (PCA)
Procedures. [n addition to the semiannual or annual weight checks. members will be weighed
upon receipt of PCS notitication and prior to PCS departure.

a. Upon notification of PCS assignment. losing commanders cnsure cach member.
whether or not in the WMP. 1« weighed. Another weight check is conducted NET 45 and NLLT
10 days before projected departure date. Members in Phase 1 of the WMP. regardless
progression s satisfactory or unsatisfactory, are removed from assignment unless making a

o e ——
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mandatory move accordimg o AFR 39-11 or AFR 36-20. The unit commander witl immedrate
v neuty CBPO Outbound Assignments, Personnel Utitization Section tDPMUO) and CBPO/
DEMOA if & member is entered into Phase T ot the WPM. Members may become ehigible for
PCS assignment when entered into Phase 11 of the WMP.

b POA reassignment for members in the WMP is permissible when fosing and ganing
unit commanders are in agreement and rehabilitauve efforts are not interrupted.

¢. No earlier than 45 days and NLT 30 days betore PCS or PCA reassignmeni project-
cd departure date. the tosing unit will provide the gaiping unit commander the WMP case file
by transmuttal letter. The relocation processing letter (see AFR 35-17, attachment 2) will be
completed and returned to CBPO/DPMUO by the established suspense date.

d. Commanders of the losing and gaining units will correspond with each other to
resolve questions concerming andividuals in the WMP. Information copies of such correspon-
dence are addressed to the parent base or MAJCOM/DP(MP).

¢. Gaintng commanders ensure members in the WMP are weighed upon arnival and the
Ab Form 393 45 annotated. Weight chechs of all other persounel upon arrival are at the
discretion of the gaining unit commander.

2-21. Temporary Duty (TDY) Procedures:

a. General Policy:

1y A member’s TDY ehgrbility may be affected by his or her WMP swatus. Except
where specttied below, unit commuanders determine TDY ehigibility.  TDY and parent unit
commanders will communicate directly regarding member’'s status in the WMP. Personnel are
not automatically excluded from mobilizatton deployment. military or operational exercises
hecause they are in the WMP or making unsatisfactory progress,

(21 TDY unit commanders have the authority o enter personnel i the WMP. moni-
tor progress and take administrative action concerning TDY members who are in the WMP or
who are tound overweight and niast be entered in the WMP.

(31 Personnel who have an approved BEM or weight waver adjustment will hand-
carrs g copy ol the approved adjustment documentation o the TDY unit commander.

4y Ifan the WMP g copy of AF Form 393 will be hand-carried by the WMP
partucipant to the TOY unit commander

b. Command Support TDY. Command support TDY is considered a TDY to attend a
conference. meeting, workshop, manning or staft assistance visit or an orientation. Command
suppart and sormal mission requirements will be at the unit commander’s discretion. Person-
nel in the WMP making satisfactory progress must be closely scrutinized by the unit com-
mander before final selection is made and orders processed. Personnel in the WMP making
unsatistactory progress should not be allowed 1o attend a command support TDY. The unn
commander may sead the member TDY with MAJCOM/DP(MP) concurrence.

¢. Professional Military Education (PME). (Sce AFRs 50-39 and 53-8.) Unit com-
manders weigh members selected for PME NLT 3 weeks before projected departure date
Members who are not within weight standards are inchygible to attend PME. PME selectees
who do not meei weigin standards will be reported as ineligible to the CBPO, Classification
and Tramming Unu. Career Progression Section. (DPMPC) with information copy to CBPOY/
DPMQA.  Studenis whe arnive at PME schools overweight are returned to the parent or
projected umit at the parent unit’s expense. Members returned are entered into the WMP nitial
entry (code 6) or the observation period (code 3. whichever is appropriate.  Administrative
action s appropriate See paragraph 2-20 for procedures tor PME which require PCS assign-
ments,

d. Retraining. Airmen in Phase T of the WMP are ineligible for voluntary retraining
tsuch as CAREERS and Patace Balance. reference AFR 39-4).

(1 Airmen will be weighed by the unit manager upon receipt of approved retraining
and agan within 10 days betore projected departure date. Retrainees not meeting AFR 35-11

e e A -
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standards are anetigible tor voluntary retraining. will not be permitted to depart for training,
and will be eatered into Phase 1 ot the WMP. Such retrainees must be reported according to
AFR W94 table 22

(2% Retrainees arniving at the TDY location in @ 'DY-and-return status who are
overwenght as defined by this regulation will be reported to HQ AFMPC Directorate of Pro-
curement, Pipehine Management and Retraining Division, Retraining Operations Branch (MPCMSR)
tor disposition anstructions. (For retrainees attending Headquarters Air Training Command
AT conducted courses, torward an information copy of the message to HQ ATC Student
Resotrees Diviston, Techmical Traming (TTPR)Y and Personnel Actions Division (DPAA)).
Include all peruinent snformation available to help in the decision process. HQ AFMPCY
MPOMSR will torward disposition instructions. TDY en route and PCS student retrainees will
be handled as outlined in paragraph ¢(5) below.

e. Formal Training Career Enhancement. All members selected to attend a tramning
course dtormal trtaming, specialization and gqualification training) will be weighed by the unit
manager upon receipt ot the approved traming notice trom the CBPO and again within 10
workdays betore projected departure date. 1t found overweight at the 10 workday weight
check. the member will be placed in the WMP before departure. Members making satisfactory
progress are chigible for traming except as indicated in paragraph ¢ and d above. Members
kg ursatistactory progress are ineligible for training.  1If a member is making unsatisfac-
tory progress i the WMP and is the only member eligible to satisty the allocated training, the
unit commander may sead the member TDY with MAJCOM/DP (MP) concurrence. MAJ-
COM/DP (MPy s strongly encouraged to relevy the training quota. It the MAJCOM approves
the member to attend school in an unsatisfactory progress condition, the member will hand-
carry g copy of the approved MAJCOM correspondence to the TDY unit commander.

by TDY personnel will be weighed upon arrival at the discretion of the TDY unit
vommander

12y Upon arrval at the TDY location if a member 1s making unsatisfactory progress
i the WMPL or s tound overweight and not in the WMP| the member is not entered into the
traming course and is returned at the parent umit's expense.  Additionally. the TDY unit
commander will noufy the parent untt or base commander and COM/DP (MP) of the member’s
grade. name. SSNL and other relevant information. Upon the member’s return. the unit com-
mander will enter the member into the WMP initia! entry (code 6) or observa’s ~ penod (code
Yiowhichever s appropriate and take appropriate administrative action.

€31 Members weighed daring the training course and found to exceed the weight
standard are placed mto the WMP by the TDN unit commander.  Progress s monitored and
approprate admimistrative action s taken.  The servicing CBPO. parent base and unit com-
minders will be advised of member's placement in the WPM, and the member will hand-carry
the TDY WMP case file to the parent unit commander upon return.

t4) It a member s weighed during the traming course and 15y tfound to be making
unnatistactory progress in the WMP. the TDY unit commander will take appropriate adminis-
tratve action.  In addimon, the TDY unit commander will notfy the parent unit or base
commander. and parent MAJCOM/DP (MP) that the individual 1s making unsatisfactory progress
and that administrative action has been taken.

(51 Personnel TDY en route PCS who are determined overweight and not in the
WMP. or on a mandatory move and found unsatisfactory in the WMP, are reported by the
DY commander o the gaimng MAJCOM/DP (MP}. and the base and unmit commanders. In
addition, an information copy will be torwarded to HQ AFMPC Directorate of Assignments,
Assignment Policy Section (MPCRPP1). These personnel will be allowed to complete the
scheduled training: however, the TDY commander and gaining unit commander will communi-
cate directty with each other to determine the appropriate rehabilitative and administrative

action
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Section E—Weight Management Program (WMP) and Related Information

2.22. Weight Management Program (WMP). The WMP is 4 rehabilitatnve program
that consists of Phase | unitiat entry and weight ioss period) and Phase 1 (observation periody.
The probation pertod 18 a tollow-on to the WMP and 15 not a part of the WMP. [ndividuals
wha exceed the MAW are sent to DBMS by the umt commander for medical evaluanon,
Medical evaluation procedures are outlined in AFR 160-17, and will be completed within 10
working davs from the date the member acknowledges receipt of the umit commander’s notiti-
cation letter of WMP appointments tattachment 1, The designated DBMS representative will
evaluate cach member to determune clinical obesity if sate weight loss can occur, and f entry
mnto a Y0-day exercise program is teastble. The DBMS representative will perform a BEM, if
deemed appropriate. or the unit commander requests one. (BEM generally 18 not required if
the individual 1s more thun 10 to 1S percent above MAW ) Resulis of the medical evaiuation
sl be provided to the unit commander Gattachment 1o Diet counseling will be provided by
the appropriate medical representative to detine o weight loss program that will not adversely
attect the member's health und will assist his or her meeting the MAW,

2.23. Phase | tInitial Entry and Weight Loss Period). On receipt of the DBMS
evaluation. the umit commander will enter the member into the WMP a1t the individual s
overwerght or overfat. The umit manager weighs the member after the medical evaluation and
records the werght on the AF Form 393 to ensure an accurate entry werght is documented. The
unit commander will inform the member i wnting of formal entry into the WMP and will
estabhish the member’s MAW attachment 650 NOTE: The MAW 15 not the desired body
werght but the maxunum body weight tparagraph 1 2g and 1-2hy. Commanders may appls the
weight tables, the BEM or the weight ot an adjusted weight waiver. Health and appearance
concerns should be used in setting standards

w. The commander wiil advise enlisted members they are incligible tor reenlistment.
POUN reassignment, voleatary retramme, PME attendance. and similar career actions. Com
manders must advise enbisted members they may be eligible to test and be setected tor promo-
ton bar wall pot assume @ higher grades of selected. until therr MAW s met and then are
recommended for promotion. Bach of these carcer actions apply until such tume that he or she
s wathin the werght standard tentered into Phase 1 Officers are advised they are ineligible
tor POS reasstgnment or te attend PME. Officers must also be advised that 1t s Ar Foree
poliey that action will be imittated 1o delay an otficer’™s promotion, Regular Appomiment or
Indetinite Reserve status 1f the ofticer does not meet Aar Force standards of weight. Career
acnons tor ofticers and enhisted members concerning promotion, reenhistment and PCS reas-
stenment will be processed by gt commuanders according to the yovermng direcinve for that
Aaction tattachment 24

b Reserve mombers may evtend to cover the period of time required 1o comply wath
the weight standards, tor example. a male member who exceeds the weipht standard by 20
pounds wouhd be allowed to extend 4 months. According 1o U.S.CO Tade 320 Secnon 302,
miman extenson period tor ANG members is 6 months.

¢ Quarterly diet counsehimgs are mandatory during Phase T and enrollment i a 90-day
caeronse is mandatory for alt members in Phase 1 (reterence attachment 16, Extension beyond
W days s an the umst commander s discretion. (See attachment 6

A e mdividoal wall gocknowtedge recerpt and understanding and date the letter of
notitication  The date the member achnowtedges receipt will serve as the official entry date in
the WA (Cade 61 Copies of the Inttial Entry Tetter wall be distributed at o ninimum to the
indis tdoall b or ber supervisor, CBPOMPMQA and wmit weight program manager tor mclu-
stonan the WAMPCE

¢ burning Phase Eomdividuals wall be weighed on a monthly basis, Commuanders mas
werph members more frequently to reinforce rehabihitative ettorts: however, only the weight
cheok at the end ot the monthly period will be considered as an ofticial werghine (Water

R ———

R o Toge

- warsmany

.



Wt APPENDIX B

retention durmye the week betore o menstrual eycle s not uncommeon. Commanders may adjust
women s werrh i dates accordimgly o Satistactory weight loss is 3 pounds each month for men
and 3 poands cach month tor women The difference m weight loss required between men and
wortient v based en body compositon and physiological differences. Men normally have more
foan fissue mass onoscled than women. Calories are burned 1o lean tissue mass. Theretore,
men have a ereater opportunirs o buin cdories dose weight than wonien. Successtul comple-
tion ot Phase Latlows q member to be entered mito Phase 11

2-24. Phase 1L (Observation Period). Members are notified 1n writtng when they mect
therr MAW and are otticrally entered nto Phase IT tcode 3) for 6 months.

4 vweehe ga over the MAW at any time during this phase constitutes unsatistacto-
rvoprogress coade 20 and members are returned o Phase T oot the WMP with appropriate
administatne acton by the omt commander according to paragraph 2-28. The member must
be advised inowniting that career actions such as reenbistment. promotion. and PCS reassaign-
ment. once aginn apply

boWhen members are wdentiticd as exceeding their MAW but subsequently meet therr
standard by the time the medical evaluation results are provided to the unit commander. the
mombers are entered directly into Phase 1 Commanders will enter them into a ninmimum Y6-
Jay exeroise program. Extension beyond 90 days as at the unit commander’s discretion.
Durinye this 6 month phase. at least monthly weigh-ins are required w make sure individuals
mantam therr werght ar or under the MAW. Commanders and supervisors also will ensure the
mdividuals contimue to receive quarterhy diet counseling during this phase ot the WMP 1o
entuance the btestvle change

o Anndinodog] s considered officially removed from the WMP on successtul com-
pletion of Phase T and recerpt ot the unit commander’s letter entering the dividual into the
probation penod fattachment 9 The date of removal is the date the individual acknowledyes
recerpt o the remuos al feeter.

2-25. Probation Period. After removal trom the WMP and entering the probation peri-
ad, monthiyv werght checks and quarterly diet counselings may be discontinued. However,
wdisduals remain dentified i the PDS for 12 months (code 7) from the etfectine date of
WAP removal. While i the probation period. commanders and supervisors should remforce
positive btestyle habiis and. when necessary . identiny repeat oftenders of Air Foree standards
0! \\Cl}_‘hl

a0 Commanders and supervisors should be aware these mdnaduals are in a prohation-
ary penod and @ oweight gaim over the MAW at any tme constitutes unsatisfactory progress
(et Y I sech eearapees members are reentered into Phase 1ot the WMPL It the member
has ot had a medical evaluation within the past 12 months. an evaluation must be completed
priot to reentry into Phase 11 medical evaluation was completed dunng the past 12 months,
anothier evaluanion s not required. U pon reentes s commanders will ke appropriate admints-
tratne actron aeeording o paragraph 2-2%

b Following completion ot the 1-1/2 year probationary period. af the member agaim
crveeeds MAW he or she s entered into Phase T ot WMP (PDS code 600 without prejudice ot
previous WAME participation

2-26. Participation in a 90-day Fxercise Program. Unit commanders will direct inds-
vidudls o participaic moa Y0-day exercse progiam when eotered into Phase 1ot the W \1p
Moembers entered directly into Phase Hoof the WMP will also be reguired to complete the 40
dav exercise program. Partiapation ma 90-day exercise program 1s documented on AF Form
1075 Personal Fitess Progress Chart Extensions bevond 90 days are at the umit command
er s hiscretion

A Umit Ccommanders may direct mdividuals 1o partiaipate i a 90-diy exerase program
i they do not present o protesstonal nuibitary appearance. although they may not he overweight
A dowaward BEM miay be appropriate ¢paragraph 2 1o Membersin this category should be
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sent to DBAS tor g medicad evaleanon betore entry nto the Y0-day exercise program  Com
manders should nonty the member and supervisor of the 90-day exercise program require-
ment and reason tor entrny . When miiary appearance s the reason tor entry . the commander
shouhd abso specits mownting the expected ertena and the date for successtul complenion and
remos al

b While individual phyaicad condimoning s an individual responsibihity . and should be
pertormed primanly durning normal oft-duty time. uwnit commanders have the prerogative to
atlow on-duty condthioning when possible as mission requirements permit.

2-27. Temporary Medical Deferral. A WMP participant may recenne @ temporary med-
wcat deterral from a weight toss program or Y0-day exercise program. PDS code 5 v used only
when the temporars medical deferral apphies to the weight loss program. A medical practitio-
ner must recommend a temporary medical deferral to the unit commander by documenting the
mdividual™s hontations and cory condition onan AF Form 4220 The umit commander has final
appreval or disapproval authonity for temporary medical deferral. Approved temporary meds-
cal deterrals ondy may be granted tor the length ot time as specitied on the AR Form 422 or g
mavimum ot 6 moenths, whichever i shorter. Atter an initial 6-month increment, the unu
commander will review the temporary medical deferral for possible continuation. In those
umgie sitaations that clearly jusaty an additional deferment, the unit may approve a mavimum
n month continuation, The resudts are recorded on AF Forms 379 and 393 Umit commanders
may not apprene temporary medical deterrals to exceed 12 months. A temporary medical
deterral beyond 12 months must be approved by the base commander texcept for pregnancy.
see paragraph b betoswy. The request should inctude the tollowing information through the unt
comninder in the pustification for extension: bachground on the medical condimon. approsal
dates of previous medical deferral. medical diagnosis, when the medical problem may be re
solvedsand any other pertinent information. After the temporary medical deferral expires. the
wantt commander wetghs the member and takes appropriate action according to this regulation

a Ay memwber an the WMP who recerves an approved temporary medical deterral
which precludes their abthity to lose weght wall be placed inan mactive status 1code 51 On
removal trom the temporary medical deferral the member s weighed and the umit commander
determmes appropriate action. It the member s not within his or her MAW. placement into
Phase s required. The member s placed o satisfactory status (code 1y untit the next monthhy
wergh e period tollowing removal trom the inactive status. It an unsatisfactors progress
perniod occurs, the fevel of admimistrative action s determined by the member’s progress in the
WAL since matial entry s that iss disregard the inactive period. If the member has met his or
her MAW eniny anto Phase T s appropriate.

b Pregnant women who are an the WME are placed inoan imactive status and reported
to CBPODMPOA as temporan iy medically deferred teode 510 The pregnancy deferral expires
S0 davs atter termimation ol preenancy. unless extenuating circumstances oceur and medical
documentation voprosaded ona subsequent AF Form 4220 The umit commander has the
authonty o approve up te I8 months of the temporars medscal deterral for pregnancy without
seching the appreval of the base commander. The medical practioner 1s encouraged o use
AEA T60 X0 Chaprer 2oac an appropriate paide tor presenibing a dict during pregnancy 1o
provent excossive warght o A a mimumum, AEP 166221 a6 available to support prenatal
diet counsehmges

12280 Administrative Actions. Indivaduals who faid to comply with the presenbed weighi
standards s outhned an this regulanon are entered nto the WMP. They are inchigibie tor
redssegnment and will have rendgered themselves anehgible jor reenhstment, retrinming. and
other carcer opportamitios . Admumistranve acton on mdividual Reserve participants will be
accordimg to paragraph 2 4200 An AFRES supplemient to AFR 35- 11 will address the admin
istrative actions tor umt assigned reservists. An ANG supplement to AFR 3511 wilt address

the admmistrativ e actions for members of the ANG

e~

- v

o emate




SON APPENDIX R

a. B the member's responsbiliny to be at or below the established weight standard.
Membhers who exceed the MAW are not within Air Force standards. The WMP s designed 1o
assistand encourage a sate. bealthy werght toss and to encourage o Hitestyle change

b The WMP 1~ g rehabihitative program that provides a medical evalustion, recurring
diet counselhing g 90-day exercise program. and a stabilized environment. The member should
be encouraged to mamtan o posiove attitade toward the program and follow instructions
provided by both diet and conditioming counselors.  Positive individual participation should
resultin satistactory progress in the WMP. 1t an individual is not making satisfactory progress
tless than 3 pounds cach month tor men or less than 3 pounds cach month for womens.
commander’s action s required. Conunanders exercise their prerogative by scelecting an ad-
mintstrative actionts) from the appropriate Unsatistactory Peniod Last (paragraph ¢ belows.

¢ Return to Phase T trom Phase L or the probation penod requires adnunistrative
action. Action must vome from a level cqual to or more severe in action than the fast one used
when the member was in Phase 1L This approach is designed to mmimivze inconsistencies and
MeQHies among units (paragraph ¢ below)

d. Nonjudicral punishment may not be imposcd solely tor the condition of heing over-
weight. There must have been some violation with respect to a speaitic duty. such as tailure 1o
report for an appomtment. Pumitive actions must be based upon vielavons ot the Umtorm
Code ot Militars Justice (UCML and commanders should consuit with therr servicing Staft
Judge Advocate iSTAY when determining whether article 15 action s appropriste

¢ Unsatistactory Pertod st Upon entry ante the WMPL the indivadual jeopardizes
fius or her career Unsatistactory perodes) require administrative action by the commander.
Commanders exerene therr presogative when deabimg with their people by sefecting at least
one adnnmstrative action tor cach unsatistuctory moothhy period. Unsatistactors periods need
not be consecutne The adnimistrative actiontsy are selected trom the comading Unsatistac
tory Pertod st ibxample: For an mdividuad’s first ynsatistactony period. the commandant
sekects an acoon from the list of admumisirative actions within the First Unsanstactory Penaod
Lisi Commuanders may sefect more than one action from the Diste Actions on each Bst are not
priontized and do net have 1o be used e the order provided. Folly document admiistrative
avtions on the AF Form 393 and complete m a tunels manner

thr Biest Unsadstactory Period. When deciding apon actiones), commanders ~hould
comsider that the member does not meet Air Foree standards of werght and he or she s not
progressing satistactoniy ancaorehabilicition program. Atter the commander selects the adnnn
stratnve actientsy tull docamentation s required  The commander adso s encoutaged o
covsuder other possible rehabilinative actions such as additional diet counsehings. supervised
crerene periods. and more frequent werght checks. While the primary objective s to encour
ae the member to meet Arr Foree standards, commanders should keep in mind 1f the member
centmues o make unsansbictors progress in the WMP, adequate docementation must be ayvanl
able to sapport adnimistrativ e separiation osee (41 below .
iy Opuons tor Othicers:
[ Verbal Counseling
2 Letter of Admo nton
i Letter of Repoimand
4 Estahlish Ul
S Lanut supervisory aid fon Command Responsihilities
oo Comment i OFER on Unsatistactory progress: constder Tack ot progress
when evaluating “Protessionat Qualitie”
thy Opnions for Ealisted:
I Verbal Counseling
2 Letter ot Admonttion
o Leter of Reprimand
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<4 Establish Utk
S Lanut Supervisory Responstbilities
f. Comment in APR oounsatstactory progress: constder Tack ot progress when
evaluating “Beaning”
02y Second Unsansfactors Period. Communders should renind members of their
responsibility o develop and mantain a lifestyke whieh allows them o mieet the Air Foree
standards of werght. A fack of commutment to the rehabilitanon program. poor attitude. and a
lack of self-disciphine may be indicated by a second unsatisfactory penod. Commanders
should consider the grade, experience, and position of the member since higher ranking Air
Force members are more tamihiar with Air Force standards. supervisory responstbilities. and
the need of role models tor subordinates. Individuals who fail to mamtain standards are less
effective at enforaing Air Foree standards on subordinates. Unit commanders exercise their
prerogative when selecting actiones) from the Second Unsatistactory Period List to document
the continued lack of progress in the WMP - Additional rehabibitative actions not previousis
taken are encouraged at this time. Once again. commander should remind members that
continued unsatistactory progress can result in administrative separation (sece 4y helowy
tay Options for Otficers:
/. Verbal Reprimand
2. Letter of Reprimand
S bEstablish UIF
4. Lanut or Remove Supervisors and tory Command Responsibihities
5. Control Roster
Ao Comment in OER on Unsatistactory progress: consider lack ot progress when
evaluating “Professional Qualitien™ and (or prepare o “Directed by Commander™ OER
[ninate appropriate proprictary action (NQ. removal) concerning promotion.,
Regular Apporntment and Indetinite Reserve status or selective continuation
thy Options tor Ealisted:
I Verbal Reprimand
2. Letter of Reprimand
¢, Estublish ULF
4. Lanut or Remove Supervisory Responsibilities
S Control Roster
o Comment in APR on Unsatisfactory progress: consider tack of progress when
evaluating “Bearing ™ and ory prepare a “Directed by Commander™ APR
7 Deny or Viacate NCO Status (Sergeant. Semor Airman)
& Remove from Promotion Last
(4 Third Unsatistactory Penod. Previous rehabilitative actions sheald be consid-
ered when determiming the action which 1< appropriate for the third tailure to manc sahistac-
tory progress in the WMP. The lack of commument in meeting Air Force standards may not
onty retlect poorly on the individual. but also on the individual’s commander and umit. An
overwerght condition himits flexabihity. endurance. and contributes to heart disease. thereby
creating a negatinve impact on the readiness ot the force. Umit commanders should caution
members that another vnanncfactory period miay tesalt moadounistrative separation (see )
hetow)
ta) Opuons tor Othcers:
I Letter of Reprimand
2 Establish UK
¢ Limiut or Remove Supervisory and (ory Command Responsibilities
4. Control Roster
¢ Commentin OER on Unsatistactory progress: comvder lack of progress when
ovaluating “Profeswional Quabities™ and tory prepare a “Directed by Commander™ OFR
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oo Imtate appropriate proprice action «NQL Removaly concermag promotion

Revular Appomtment and lndefimite Reserve status or selective continuation
thy Optrons tor Enhsted

I Letter of Reprimand
> Estabhish UlE
S0 Lt or Remove Supervisory Responsibihities
4. Control Roster
Comment in APR on Unsatisfactory progress: consider Jack of progress when

2

cvaluating “Beanmg ™ and ton prepare a “Directed by Commander™ APR
6 Deny or Vacate NCO Status (Sergeant. Sentor Airman)
Remaove trom Promotion Last
N Admimistrative Demotion
(4 Fourth Unsatstactory Pertod. The WMP i i rehabilitanon program designed to

assist, encourage. and support a member’s personal etfort 1o meet Air Force standards ot
werght The member now clearly has imdicated his or her unwillingness to meet Air Force
standards. The member's repeated tarfures to make satistactory progress in the WMP indicare
a poor attitede and demonstrate a lack ot selt-disciphine. not only for has or her own well-beme
but toward the mission of the Air Foree as well. Since previous attemplts at rehabihtation have
twled, commanders are trongly encouraged tomitiate administeative separation achon. it the
wna commuander determines separation action is appropriate. the unit commander will follow
the procedures contamed in AFR 362 tor ofticers. or AFR 39-10 tor sairmen. Atter the unit
commander makes the decision whether 1o retam or separate an arman, the commander advis-
es the Speaal Court Murtial authority ot the deasion. For an otticer, the unie commander
provides the recommendation for discharge or retention o the mitating commaader according
ta AR 6.2
vk Opnons tor Otficers:

/. Admimstratuve Sceparation or

2. Retention with conunuation m WMP and appropriate admnistrative action
from the Third Unsanstactory Penod hist

thy Options tor Enhsted

/ Admamistrative Separation or

2. Retenuon with contuanion in WMP and appropriate adnumistrative action
trom the Third Unsabstactors Period st
SOURCE: AF REGULATION 35-11, pp. 1220,

EFETES

PROCEDURES FOR WEIGHT CHECKS AND HEIGHT MEASUREMENT

a. Weight Checks:

11 The member's weight will be measured with shoes offand in basic duty un,-
torm

124 The member may remove contents of pockets and any extrancous equipment
ttoods, puns. kevs) or oater clothing.

3 The member should stand sull while on the scale.

3 Measurement should be read with the measurer directly i front or betund the
seale tf possible. Reading the scale from erther side rather than straight-on reduces accuracy

t51 Subtract 3 pounds tor clothing tor men and women

t61 Werght will be recorded to the nearest guarter pound.

7y Recommend the weight standard tables be promumently displaved near unn

werghing scales
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b. Height Measurement. he preteried method tor hereht measarement s the back to

ard shrtace method Howeversa saale herght-measurement bar s acceptable

s Hesght ot be measured and not taostened trom the mibitary wdeantiticanon i
ward

V20 Herghn sl be mcasured wathout shoes

c3 Member shoubd stand facimg the person measarmye him or her with heels toeethe:
and hack stnght

-4 The meniber’™s Tine of sight should be honzontal,

S Measuring bac shoatd rest hightly on the crown ot the bead

1o Measumrement should be read directy s front of the rod, not at an angle trom
crther sode
170 Measurenmient should be taken to the nearest guarter inch
SOURCE AR REGUEATION 25101, Arachment 1, p. 31

WEIGHT STANDARDS—MEN (s¢e note)

Mo MANXTME M INTERPOLATED 107 CRITEREA
ANCINCHE S AT OWABLE WEIGHT WEIGH
WHIGHT AMAW ANNE ALY
Vo Lo 3oy
il [ 151 [R*) Fsa | 4N
N RS 185 156 |87 130
t AR 15% 1S 139 P42
nt Lo 164 162 lai 144
frd 1ha 163 7 the 167 1458
fs [ASU] [ EEEA I 171 HER 182
He 174 17y 178 iTh N
Ny {7 Tu6) IX1 N )
AN INd ISS 186 [ 166
") 1 %49 1oy 8531 [ 170
1y 10l |as . 196 197 Pis
i 1un R 2 s A
A NI 206 208 204 184
3 AR 212 R S 26 190
1 RRE 21 20 222 146
oS AR 228 AR 2K 202
“n ARTS! ART 2 ARE S 207
’ 2 237 BRU 240 212
'S AR AR 248 2i6 NE
" R R ARLY 28 251 21
X0 LB 288 ARS 28N Ty 220

NOTE boreveny anch ander 60nches subtract 2 poumds from the MAW  For every inch aver 80
nches wdd B ponnds o the AtAw
SOLRECE AR RECGHIATION 35 40 Apachment 2op 32
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WEIGHT STANDARDS—WOMEN  (see note)

HECGH MEANTMU M INTERPOLATED 104 CRITERIA
ANCINCHENS ALTOWARLE WEIGHT WEIGHT
WEHGHT (8 MAWS ANNUALLY
Lyn lige Yge

X 10 126 127 127 IR

AN P28 [N [ 129 - 115

Hii t 3 i 131 i 17

[ 132 [ 133 133 BRI

N R 134 133 135 121

0 | it 130 [ HRE 122

4 IR IR TR 141 = 142 125

68 T4l 145 f46 147 13t

Hty 14y 119 150 153 133

67 182 153 184 155 P37

[ 156 157 . 15X [T {40

h jerd 162 thl 16 145

e 163 ESIA 167 1oh 14%

N 169 tTh 171 172 152

o [ 175 1767, PR 187

T ] %0 Ix2 IR 161

) IS IX6 187 1. I8N " 166

TR tun vl 1093 194 171

T jufs 10T jux fou 176

) 24 202 201 204 - Ix]

= on R{E I 208 MAC IR Ixs

NOE Forevers ach under S8 mches, subtract 2 pounds from the MAW. For every anch over 78

imchos, add 6 pounds 1o the MAW
SOURCE  AF REGUEATION 3511 Attachment 3.p 33
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BODY FAT MEASUREMENT

MALES UNDER 30 YEARS--HEIGHT AND BICEPS IN INCHES

Height Weight Biceps Circ
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SOURCE:  AF REGULATION, Attachment 4. p. 34,
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B80ODY FAT MEASUREMENT

FEMALES UNDER 30 YEARS--HEIGHT AND FOREARM IN INCHES

Height Weight Forearm Circ
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FEMALES OVER 30 YEARS--HEIGHT AND FOREARM IN INCHES
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BODY FAT MEASUREMENT

MALES UNDER 30 YEARS--HEIGHT AND BICEPS IN CM
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80DY FAT MEASUREMENT

MALES OVER 30 YEARS--HEIGHT AND BICEPS IN CM
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BODY FAT MEASUREMENT

FEMALES OVER 30 YEARS --HEIGHT AND FOREARM IN CM

Height Weight Forearm Circ
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APPENDIX B 321
INSTRUCTIONS FOR USING THF NOMOGRAM (MALE)

STEP 12 Deternmine the individual’s height in either centimeters or inches

STEP 20 Measure the circumference ot the mdividual's tlexed biceps in either centime-
ters or inches.

NOTE: Taking the Flexed Biceps Measurement. With a clinched fist and 90-degree bend
it the edbow | measure the crcomiterence. Take  » measurement at the point of the maximum
flexion

STEP 3 Locate the height and arcamterence in centimeters or mches on the left and
right scales ot the nomogram. Waith a straight edge. determine where a line drawn between
these two ponts ntersedts the center scale tweight i kilograms or poundsy. This poiat
provides the maximum werght allowance

EXAMPLE A man who v 707X anches tall €180 centimetersy Bas a biceps crrcumter-
cnce ot 17 32 anches 044 contimeters). His mavimium weight would be 224 pounds (102
hlograms
SOURCE AR REGULATION 3511 Antachmene 4o po 42,
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INSTRUCTIONS FOR USING THE NOMOGRAM (WOMEN)

STEP 1 Deternine the indivadual’s herght o erther centimeters or inches

STEP 20 Measure the circumiterence of the individual™s forcarm in either cenumeters or
mches Forcarm must be rebaxed when the measurement is taken

NOTE Taking the forearm measurement: With a clenched fistand 90 desree hend in
the etbow mark a pomt 14 inch down trom the bend in the elbow. Then allow the arm o
hang relaved and measure the forearm circamterence at the mark. Tuke the measurement with
one cdge of the tape on the mark and the other edge toward the hand.

STEP 3+ Locate the height and Grcumiference i centimeters or anches on the feit and
right scades ot the nomogram. With i strnght edge. deternime where a tine drawn between
these twoe pomts infersects the center scale twerght i kilograms or pounds). This pont
provides the maamum weight allowable
SOURCE: AR REGULATION 35-11 Atachment 4 p, 43,

tMcasure the Forearmi
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U.S. Marine Corps

The heights weights and body fat standards for retention in the U.S.
Marine Corps are included in MARINE CORPS ORDER 6100.10A with
Change 1: Weight Control and Military Appearance (MCQO 6100.10A
TDE-32 24 JULY 1986). The same standards were implemented for use at
accession on ] June 19920 This regulation is extensive and excerpts here
include: the stated purpose of the regulation. details of procedures. and
relevant reference tablest,

HEADQUARTERS UNITED STATES MARINE CORPS
WASHINGTON, D.C. 20360

MCOO 6100 10A
TDE. 32
24 Jul toxe

MARINE CORPS ORDER 610010 twith tvped changes added to appropridte sections as
designated in MARINE CORPS ORDER 6100 1k Ch L see tollowing pages)

From  Commandant ot the Manne Corps
fo Enanbeson 1w

Subr Wereht Control and Military Appearance

Rt tar MNOO PIY0D [aC
by MOO 6o -
tor MOO) PLato, "
by MCO PIoTo 12D
(o MOO PTORO S

Eaclh by Werght Stndards for Manmes
2

CATrernare Mavmume Werght Taimts tor Male Marines
O ARerate Mavanum Weeht D for Pemale Mannes
cdy Format tor Requesting Prehimimary Medical Exaluation

I Purpose To promulgate pobicy and implementing imstrucnions concernimg weight control
and mhtars appearance mothe Marie Corps

Hurther information concernimg this regulation can be obtinned from Headgoarters Unted
States Marme Corps, Washmgron, D € 203x0
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24 APPENDIX B

ton. MCO 6100 10

Fhe Murine Corps has traditionally been associated with o mihitary image that 14

neat and trimoan appearance. s essential to the day-to-day effectiveness and combat readi-
ness ot the Marine Corps that every Marme maintain the established standards of health.
finess, and appearance. The habits of self-disciphine required to gain and maintain a healthy
hody. iherent in the Marnme Corps™ way of Iife. must be part of the character of every Marine
4. Responsibility - Phe evaluation of a Manne's military appearance s the responsibility of
the commanding ofticer. The medical otficer’s responsibility s to certify 4 Marine s health
and abtlity to participate in physical traiming and/for prescribe w diet, it required. 1o return the
Manne to an acceptable mihitary appearance.
30 Obgecnives. The objectives of the Marine Corps weight control and military appearance
program are:

wo To contribute to the health and well-being ot every Marine by continuousiy moni-
torng weght and personal appearance

b To preserve tigh standards of protessional military appearance traditionally expect
cd ot all Marines

o Toestabhish acceprable weight standards tor all Marines and o ensure those Ma-
nines who do not meet the standards are counseled and given the opportumity 1o achieve the
standards

J o encourage all Mannes 1o set the example by mauntwinimg proper appearance and
werght standards
6 Pohyy

. Commanders will continually monitor all members of therr commands, both officer
and ealisted. to ensure they nuuntnn the proper weight distiibution und personal appearance
ldentihication of persennel who do not present a suitable nuditary appearance hbecause of over-
werght armproper werght distribution s required.

b Commuanders should consider educational programs and other motvational means to

cneourage Mannes to achiove and mamtan weight and personal appearance standards. Such

programs could anclude. but are not limaed too peniodic mandatory: weight control semnnars
antandiadual consalations conducted by qualitied dienaians/medical peesonne! for all indi
vidyals adenntied as requiring o wersht reduction

o Marmes are consndered overwerght when ther werght exceeds the maximum allow
able wereht standards as ser torth i enclosure c1r Women Marines returnng from matermity
fenve have & months from the date of dehivery o reestablic botherr wetght and military appear
e standards as set forth i this Order When o Marnine s determined 1o be overwerghi, the
commander will esther assign the Marine to the weight control program or reguest an alternate
wersht standard

dTeas recosmized that exceptions o the standards v enclosure <1 may be pustitied tor
Muarimes sholalthough tean. exceed the presenibed werght standards because of a high volume
ot Tean muscle mass and o low percent of bods fat. Commanders may request approval o
wotne ot alernate mavmum werght et from Marme officers in the cham ot commuand
craranimne spectal court-martiat convenmyg authonity . For Manmes whe do not have & Manne
ticer m Ge cham of commuand exercisimg special court-martal convening authoriny - an alter
ate masmum wereht it may he reguested from the Commandant ot the Marine Corps 1)
Phe roguost must be supporte:d by the tollowing

A hady composition analssis dicating body tat percent based on hydiostatic
werchie o anthropemetng measurement. Enclosure 20 detals the anthropometric measure
ment provess that wall be nsed o estimate the percent of bodyv fat tor male Marines and
crclostre t3 st be used for female Marmes
£ Nannes who request a waver trom the Commandant of the Marne Corps 1)

st previde tall fenath trontal and profile photographs taken at the desued alterate werght

oy ——

e
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bt e service "A 7 witorm. The anthropometric measurement o the mdinadual Manne as
cxplamed mocther endosure (2 or €3 will be certified by the commandmg otficer
¢ Commuanders will imspect the Manne in the service “A™ umitorm prios to requesting
an alternate weight standard to ensure proper tit ot the uniform. An alternate masimum weight
standard s not permanent. and commanders will ensure the purpose of the waiver remains
valid As ong as the warver remains valid, the wnitten suthorization for an alternate weight
will be kept on the document side of the Marine s OOR/SRB. Commanders will recontirm the
alternate werght stundard tor those Manines who are being transterred from or jomned to a unit,
to the alternate maximum weight linnt granted by the Commundant of the Marine

Corps tASA) for naval aviators concerning physical quahifications for duty i olving actual
cantrolb of wireratt 1s not to be used as the standard tor the Manine Corps weight control and
military appearance program as set forth in this Order
* £ Those indraduals who are dentitied as overweight switl be reterred to an ACHCP
tor evaduation Foclosure 4y will be completed and retamed by the commanding otticer
properiy document the recommendation and action taken in sach anndividual’™s Case
* h 1t the ACHCP dhagnoses the individuai s condition to be o result ot an underiyving or
assocated disease process, one of the tollowing actions will be taken:

s Treatment to affeviate the condinon and return of the Manine to the unit.

120 Hospitalization for necessary treatment.
* 1ot the ACHOP discovers no underlying or assocnted discase process as the cause of
the indnadual’™s condinon, this tact will be certtfied and a reducing diet and/or exercise pro-
wram will be recommended

i In cases where the need for aweight or body fat loss s indicated. realistic goals
per enclosares ¢ through 3 of this order will be established to include the number of pounds

or mches o be dosts Wergh ans or mivdsurements will be taken at least every 2 weeks tmanthly

for SMOR) ar the umit to determine the individual’s progress. Any individual whoo after 2
weehs CE month for SMORY has had no loss will be counseled at the unit fevel
¢ 12 I cases where o werght Joss s not required, the commander will mitiate an
Cexercise program per reference (b to correct the individual s military appearance. Although
Marines may pot be dischareed tor tadure to mamtan appropnate mithtary appearance, this
tarhure to make satistactony progress while on a personal appearance program must be reflecied
nosection C ot timess reports per paragraph 3007 4beS)y ot reference (o) for sergeants and
above ot ncorporated in the conduct marks of corporals and below per paragraph J00%.6 ot
reference o
¢ 1o bEntoes will be made i the EEMPS/MMS tor Marines assigned to the weight control
or military appearance program per paragraph X119 of reterence (3 Further. upon assignment
to the wewrht control program. all Marmes will recerve a formal page 11 counselling entry per
the provicions ot paragraph 61053 ot reterence vy,
* hooAtter a penod of dieting and/or exercise. not to exceed 6 months. Marines who sl
do not present a sutabie mihitary appearance because they are overwerght will be referred 1o an
ACHCP tor reevaluation
« bt the ACHOP determines the individual™s condition as caused by an underlving
ar assoctated drsease processsacton desernibed i paragraph 6h with be taken
* 2y It the ACHOP finds there 1< no underlving or assoctated disease process causing
the wdividual’™s overwerght condition. two courses of getion are open

tar 3t satistactory progress has been made, even though the werght poals have not

been mer. one extension of up to 6 monthy may be granted, at the end of which nme the

ndrsdual will again be reevalvated I weight goals are not met by the end of the extension,

the indesydual will be recommended for discharge trom the naval service by reason of unsatis
tactony pertormance per the provisions of paragraph 6206.1 of reterence t

ihe I satsfactory proyress has not been made. it can be concluded that the cond

sy

o
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uon s because of apathy or o lack ot self-bsciphine. The andividual. theretore. will be
recommended tor discharge per the provisions of paragraph 62061 of reference tu).

I The commander will adnunistratively remove the individual from the werght control
or mibitary appearance program once the prescribed goals are met. Appropriate entries will
made i the JUMPS/MMS per reference ).

m. It oatter having been removed from the weight control program. the Muanne’s ad-
verse werght condinon reappears, that individual will be accorded one Y0-day period 10 con-
torm to Marne Corps werght standards. At the end of the Y0-day period. if goals are not met,
discharge processig per paragraph 62061 of reference tais required.

Bt the Marime successfully meets preseribed goals within the 90-day penod yet later
tards to meet werght standards. administrative discharge processing waill immediately be imated.

oo A copy of enclosare (4 will be placed on the document side of the OOR/SRB tor
those Maries who are transferred while assigned o the subject program.

p. b mperative that all JUMPS/MMS entries concerning weigs: ontrol and militany
appearance be coordiated between the unit diary clerk and the training NCO.

Acuon

a Commanding otficers walt establish and mamntain an effective weight control and
nulitary appearance program per this Order

b The commanding officer’s subjective judgment. in consonance with the provisions
of this Order. will form the standards tor this program.

% Reserve Applicabitity. This Order is applicabte to the Marine Corps Reserve.

JOHN P. BURKE
Deputy Chief of Statt
for Training

DISTRIBUTION: A plus 7000038 (100,
7352009 (41)
6306093 1222
6306 (ess 6306003 1229 (1)

Copy to: 9330004 (25)
RI45001 (1)

SOURCE: MCO 6100.10A. pages | 3
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APPENDINR

HEADQUARTERS UNITED STATES MARINE CORPS
WASHINGTON. D.C. 20380-0001

MCO 6100.TOA Ch
TDE32
29 Dec 1986

MAKINE CORPS ORDER 6100.10A Ch 1
From: Commandant ot the Marine Corps
To:  Distnibution List

Suby: Werght Control and Military: Appearance

Encl: o1y New page anserts to MCO 6100.10A.

I. Purpose. To transmit new page inserts and direct pen changes 1o the basic order.
Background. By definition. the term “medical officer™ does not include nurse practitioners
and physician assistants. These personnel were previousiy prohibited, again by definition, from
evaluating Marimes for assignment to the weight controi and military appearance programs.
Nurse prachitioners and physician assistants, however. are fully qualified to evaluate Marines
tor these programs: their participation i this process provides for the most efficient use ot a
commander’s medical assets and complies with the spirit and intent of the basic order.

1 Acton
4. Remuo.e present pages 3 and 4, and replace with corresponding pages contained in

the enclosure.

b. On the letterhead page. paragraph 4, third line, delete the words “medical officer's”
and after the word “responsthitits ™ insert “of the appropriately credentialed heaith care provid-
er tACHOP)Y™
tn enclosure 4y, make the following pen changes:
by On pages 10204 and S0in "From™ or “To™ line as appropriate, change the words
“Medical Officer™ to read “Appropriately Credentialed Health Care Provider™.

{2y On page 3, paragraph 2. tourth line. change “reference (b to read “reference (a)”,
€3y On page 3. paragraph 2. sixth line. change “reference (¢)” to read “reference (by™.

5

4. Summary of Change. This Change establishes provisions for nurse practitioners and physi-
cran assntants to join medical officers as individuals authorized to evaluate Marines for as-
signment to the werght control and mihitary appearance programs. This change also corrects
vrroncous references in the forms used 1o assign Marines 1o these programs.

€. Change Notation. Paragraphs denoted by an asterisk (*) symbol contain changes not previ-
ausly published.

6. biling Instructions. This Change transmittal will be filed immediately tollowing the signa-
ture page of the basic order.

I, E. SISLEY
Deputy Chiet of Stff
for Training

DISTRIBUTION: A plus 7000045 (100)
TIS2009 (4
606093, 122 ()
6306 (less 6306093, 122y (1)

Copy tor 9540004 (25
8145001 (1

SOURCE. MCO 6100 10A CHI pages 7-8.
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APPENDIX B 229

ALTERNATE MAXIMUM WEIGHT LIMITS FOR MALE MARINES

1. The body may be divided between two basic components, tat tissue and lean weight
tmuscle and other parts ot the body such as bones). A Marnne s fat content may be expressed
as g pereent of the wotal individaal’s body weight. There are several methods for assessment of
total body fat which vary from the simple and inexpensive (anthropometric measurements 1o
the very sophistiwcated and extremely expensive (potassium-40 scintitlation counting). Hydro-
static weighing (weighing a person underwater to determine specific gravity which is convert-
ibie 1o a relative percentage of fat) 1s generally accepted as the most accurate measurement of
body composition.  Anthropometry is a term that applies to measurement of the external
aspects of the body, such as body diameters. circumterence, and skin fold thickness. These
anthropometric measurements have shown a high correlation with hyvdrostatic wetghing as an
accepted method to determine body composition.

20 Screnufic research has demonstrated that physical performance 1s adversely atfected
by c¢xcess body tat. From a health standpomt. the carrying of excess body tat has been
recognized as a stgmiticant risk factor.  Although there are no readily defimable percent fat
values for acceptable performance. there are ranges when it can be sard that performance will
be helped or hampered by hody composiion, Successful marathon runners average 10 pereent
body fat. Rescarch with protessional football plavers has shown that backs and wide recervers
with usually be K-10 percent tar, while linemen are between 10-16 percent on the average
Individuals. generally . are considered grossly obese at 30 percent and above. while 20 percent
body tut and above for average males is generally considered inappropriate tor activity involv-
mg strenuous exertion. The average percent of body fat for male Marines 1< 16.5 percent. The
Marine Corps, more than any other military service, relies on maximum physical fitness of all
1t personnel. Accordmgly. the maximum allowable percent of body fat for the establishment
ot an alternate werght standard tor male Marines is established at 18 percent and below.

3 The tollowing chart is provided as a ficld measurement tor the estimation of percent of
body fat tor male Marines. The waist circumference should be taken at the navel with the
Marine standing evenly on both fegs. The waist should not be “sacked in” but 10 a normal
refuxed position. The tape should not cut into the shin but be able to move freely. The neck
circumterence should be measured at a point Just below the farynx tadam™s appley. Measure-
ments should be read to the nearest one-fourth inch tor the neck and one halt inch for the
waist. Find the appropriate wanst measurement of the left side ot the chart and the appropnate
neck measurement along the top of the chart

EXAMPLL

NECK - 16 INCHES
WAIST - 15 INCHES
BODY FAT “% - t5.6%

SOURCE: MCO 6100.10A, Enclosure (2y, p. 2.
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i34 APPENDIX B

ALTERNATE MAXIMUM WEIGHT LIMITS FOR FEMALE MARINES

I 197X 0 siudy was conducted of 226 women Marines from ages 18 1o 47 sears and
grades of private to general Each Marnme was subjected to 35 anthropometrnic measurements
mcluding skinfold. girths, and diameters. As with the male study. cach woman Marine was
hydrostatically werghed to determine totat body tat and lean body weight. With the hydrostat-
i werphing as the criteria method. a computer analy sis was conducted to indicate which single
or combination of measurements would be the best tield method tor determining percent body
tat and fean body werght

2 This study established the average percent of body fat for women Marimes at 2301
percent. 1t should be noted that women. due to ther sex charactensties, will normally have a
higher percent body fat than males. Research with women athietes has shown that the average
gymnasts are V1S percent tat, runners are 16019 percent. and swimmers are 13-19 percent fat.
Women, geoerally, are considered grosshy obese at 30 percent and above.

3 The mavimum allowable pereent of body fat for the establishment ot an alternate
werght standard tor women Mannes s established at 26 percent and below.

4. The following charts are provided as a freld measurement for the estimation of percent
of body fat for female Mannes A Marme need only find her specific measurement in each of the
five girth columns. The pomnt columns to the fett of each girth measurement represent fat per-
centage points. Add the points representing each girth measurement, subtract from that the con-
stant correction factor £54.398) and the resulung figure represents the total percent body fat.

FXAMPLE
NEOK - 10 (/8 tnches = £2.7 pts.
ABDOMEN - 28 (/K inches = 8.6 pts.
BICEP 12 4/% inches = 17.% pts.
FOREARM - 11 0/% inches = 25.7 pts.
THIGH - tY O/% mches = 11.0 pts.
TOTAL GIRTH MEASUREMENT
POINTS = 75800 pts
MINUS CORRECTION FACTOR 54.598
BODY FAT PERCENTAGE = 21.202

SOURCE: MCO 6100, 10A, Enclosure (M. p. 1.
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APPENDIV K

Neek. The neck s measured at o pomt just below the larvix (adam ' apple).
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SOURCE: MCO 6100, 10A. Enclosure (3), p. 2
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APPENDIN B

-
e

Biceps Patended. The biceps e mewsured i the extended posinion wath the arm abducted te
St and the palm supmated. The tape s placed over the Targest part of the bicep/tnicep group
Forcarm The torearm s measured over the Targest part of the forearm while the subject has
the Choulder abducted o 9007 elbow extended and the palm supated.
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Thigh

placesd st helow the wluteal told with the subject standing evenly on both fegs.
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Weight-for-Height Tables

from
the Surgeon General™s Report on Nutrition and Health'
1988
U.S. Department of Health and Human Services
Public Health Service
DHHS (PHS) Publication No. 8%-50210

“For sale by the Supe ntendent of Docnments. U.S. Government Prinung Office. Washing-
fon DO 20402 GPO) Stock Number 017 Q01004651
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Proposed Revisions to Accession
(AR 40-501) and Retention (AR 600-9)
Body Weight and Body Fat Standards

Bricfers: Dr. J. A. Vogel and Major K.E. Fried!
Occupattonal Health and Performance Directorate
U.S. Army Research Institute of Environmental Medicine

2 Apnil 1991
RECOMMENDATIONS

AR 40-501
« Change 1o a body fat standard. retaining weight tables only s a
preliminary screen
« Male standards should not exceed 4 percent body fat units over reten-
tnon tat standards
» Female standards should be the same as retention fat standards

AR 600-9

o Female standards should be increased by 2 percent hody tat units tor
cach ave category

J48

l——

ks

-

o yrm——

o -



346

TABLE D-1  Proposed Changes to Body Fat

Men
Retention

Current Proposed
Stundard  Standard

20 20
22 22
24 24
26 26

tno change)

“estimated from BMI

Accession

Current
Standard

("
(34)
(3%
(32)

Proposed
Standard

24
26

28

30

(more stringent)

Women
Retention

Current
Standard

28
30
32

RE]

(less stringent)

APPENDIX D

Standards

Accession

Proposed  Current Proposed
Standard  Standard  Standard

30 {28 30
32 (3 32
RE} (32) RE]
36 134 36

(same as retention)
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Recent Changes to the U.S. Army
Standards for Accession
and Retention

Contents of an Unclassified ALARACT dated 57/91:

Foba sappert readiness and tawmess ancthe svstem, the tollowang change o AR 600 9
citoctive immednateiy AR ono w0 Para 200 masimum alloswable percent body tar standards

tor temales are

e Grouap 1720 W,
227 327
R e,
STRN 0,

AH women carrently enrolled mothe Army Werght Control Program will be disenroliced
when they attain the new body tar standard
Tobde this messaee with AR 6009 yntd recerpt of a change to regulation. This message

expires upon receipt of a change to regulation,

RS R T
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REAY APPENDIX E

Extracts from the Immediate Action Interim Change referred to on the
previous page that apply to weight standards:

Headguarters
Department ot the Army
Washington, DC

I October 1991

AR 43501
Interim Change
No [0

Euvpires b Ocrober 1993

Medical Services
Standards of Medical Fitness

Tasietic atiom s interim change s necessary to implement the new werght standards of
tables 21 and 2 20 as contamed e DAPE-MPA mesaage 2120007 Auy 91 Subject. New
Accession Werght and Body Far Standards T adse repeats the pohicies outhined o Internn
Change 101 which expired on 2 October 19910 repeats Canfication of pregnancy profide as
vcathned i HOQDASSGES CP0 miessage 258007 Moy 00, Subject Phy wical Protide for
Preenant Soldiers: remserts a paragraph on mammograms erroncoushy omatted in the fast up
date as outhined i HODAGSGPS CP-B U messape 2813007 Auy X9, Subject: Mammograms,
and revaises the requirements tor Speantl Forces at the request ot the Jobn B Kenneds Spearad

Wartare Center

Faperaren This terin Chanee expires 7 vears trom the date of pubhication. e will he
destroved ot that gume unless soener resomnded or saperseded by oa permanent change oF revy

~i

IOAR 0SS Aoy 7980 e Changed as tollows

Poace 10 Paragraph 2 22 s superseded as tollows
| i

220 Wenhn

a Ay apphoants formoad appomitment as acammisstened offeer ttoangchade appeang
et s a comimsaoned warcant otticery most meet the standards ot AR b9 AL other
mital Arme applcants must meet the new standards contamed ap able 200 and whle 222
docaied ot the end of this change Body far sl be ysed as the timal determinant tor those
appiicants who eveeod the wereht tahtes Those idivduals found medically qualitied on the
st ot he obd acight standards that were metiear prior 1o 1 October 19910 wall not be

secvaluated o medically disguahiticd solefs on the bass af the new standards,

10T AR 40 30 T Oicioin g 1908

b The sareenme woescht standard i cttect hetore | Ocioboe T T awadb adso appiy 1o those
imdindaals who enlisted i the Delaved Fotrance Program prior to } October 1901 it these
mdidu s excead the old sereeming werght standard when werhed dunmg the phvacal ap
specion. the new body tat standard will apphy s A apphcants tor enbistment processuig undder
prier service thiles cchap S0 AR 40-50100 will have to meet the werght and body fat stadands ot
AR i v

ok ok

. —
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TABLE 2-1
height for males - il Army procurement

Herght imchess

O
nl
02

63

(A3
0Hs

[$1a]

[ah
oYy

3

Itam

m AR 600.9
31w male alsa exceeds this body fat, he will be rejected tor service:

Minium
werght
any age 17-20
Lo 1 3%
102 144
103 148
104 153
105 [R%
106 163
107 168
111 174
115 179
114 184
123 18Y
27 194
131 200
135 205
R 21
]33 217
147 AR
151 229
183 235
159 241
166 247

Masimum body fag by years of age

17.-20
24 pereent

21027
26 percent

2%

28 pereent

21-27

141
146
150
155

160
165
170
176

181
186
192

1697

203
208
214

220

226
232
23
244
250

40 and over
3 percent

Maximum weight by years of age

RESRT

143
148
153
15X

163
165
173
179

184
INY
JUS
201

206
212
218
204

23
236
242
248
RAN

349

Military acceptable weight (in pounds) as related to age and

40 and over

P46
151
156
161

166
171
177

182

187
193
[RE
204

210
216

AR

228

ARF
240
247
253

2584

ale exceeds these werghts, percent body fat will be measured per the method described

O sl

fom eeeant

e p——
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TABLE 2-2

height for “»males—initial Army procurement

Herght Ginchesy

SX
59
al
o

[EN
61
6

13

Hty

Hx
[

»

T

IR
7Y
X}

U It g temale exceeds these weights, percent body fat will be measured per the method de-
seribed 1n AR 6009
210 female also exceeds this body tat she wall be rejected tor service

Mimimum
wetght

any age

v
92
94
St

OR
10}
102
(AR

L0
109
12

Pis

11X
122
2%

128

130
IRE
136
[IRLY

141
144
147

Maximum werght by years of age

1720

112
16
120
124

1249
133
137

141

a6
149
£54
|SK

163
167
172

177

I3
(b
194
194

204
20m
214

Maximum body tat by vears of age

17-20

30 pereent

AR

12 pereent

2K 3
3 pereent

21-27
Pis
1o
123

127

132
137
141
145

150
154
159

1613

168
172
177

12

1KY
194
200
208

210
218

220

10 and over
36 pereent

I%-39

119
123

I'&',‘

t 31

137
141
145
149

154
159
164
16X

173
177
L83
188

1ud
200
206
21t

216
Rk

227

APPENDIX I

Military acceptable weight (in pounds) as related to age and

40 and over

122
126
[R{}]
RN

139
144
148
153

158
162
167
172

177
182
18X
193

[
204
200

215

e g ——
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Biographical Sketches

COMMITTEE MEMBERS

RICHARD L. ATKINSON Since 1986, he has been Professor of Internal
Medicine at Eastern Virginia Medical School and Associate Chief of Staff
tor Research and Development at the Department of Veterans Affairs Med-
ical Center in Hampton, Virginia. He received an M.D. degree from the
Mcdical College of Virginia. His rescarch tnterests are in nutrition. particu-
larly in obesity and the regulation of body weight and energy balance.

ANDRE BENSADOUN He is a Protessor of biochemistry in the Division
of Nutritional Sciences at Cornell University, Ithaca, New York. His areas
ot research include lipid transport in vertebrates and specifically the study
of lipolvtic enzyvmes.

WILLIAM J. EVANS He iy the Chief of the Human Physiology Laborato-
ry at the U.S.D.A. Human Nutrition Research Center on Aging at Tufts
University and an Associate Professor of Nutrition and Physiology in the
Schoot of Nutrition and the Medical School of Tufts University. He 1s a
Feliow of the American College of Sports Medicine and of the American
College of Nutntion. He received his Master’s and Ph.D. degrees at the
Ball State University Human Performance Laboratory. His laboratory ex-
amines the relationship between exercise, nutrition and aging.
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JOEL A. GRINKER She is currently Professor in the Human Nutrition
Program, School of Public Health. Professor in Pediatrics at the Medical
School and a member of the Center for Human Growth and Development at
the University of Michigan. She received a Ph.D. in experimental social
psychology from New York University and was the recipient of a Russell
Sage Foundation Fellowship at the Rockefeller University in biochemistry.
biology and behavior. After 15 years at Rockefeller University in the labo-

ratory of Human Behavior and Metabolism, she moved to the University of

Michigan to become Chair of the Program in Human Nutrition. Major areas

of interest are in obesity, specitically the development and maintenance of

ubesity through the life span.

EDWARD S. HORTON He is Professor and Chairman of the Depuartment
of Medicine at the University of Vermont College of Medicine. Burlington,
Vermont. He iy a graduate of Harvard Medical School and received his
training 1n internal medicine and endocrinology and metabolism at Duke
University. Since 1967, he has been at the University of Vermont where his
major rescarch has involved studies of the regulation of energy expenditure
in humans, the interrelationships between obesity and diabetes mellitus and
the mechanisms of insulin resistance in skeletal muscle and adipose tissue.
He is, particularly. interested in the effects of exercise and physical condi-
tionming on insulin sensitivity and the regulation of glucose transport and
metabolism in skeletal muscle. He is immediate Past President of the American
Diabetes Association and a Past President of the American Society for Clin-
ical Nutrition.

G. RICHARD JANSEN He is Emeritus Professor of nutritional science
and formerly Head of the Department of Food Science and Human Nutrition
at Colorado State University. His Ph.D. in biochemistry was from Cornell
University. His research interests deal primarily with protein nutrition, and
he has co-authored a book on diet and health issues. Prior to his appoint-
ment at Colorado State. he was a research fellow at the Merck Institute. He
served in the United States Air Force from 1950 to 1953.

GILBERT A. LEVEILLE He is Vice President of Research and Technical
Services for Nabisco Brands. Inc. Prior to joining Nabisco in 1986 he was
Director of Nutrition and Health for General Foods, and from 1971 to 1980
was Professor and Chairman of the Department of Food Science and Human
Nutrition at Michigan State University. He holds a Ph.D. in nutrition and
biochemistry from Rutgers University. His areas of research interest in-
clude carbohydrate and lipid metabolism, obesity and metabolic adaptations
to diet,
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JOHN A. MILNER  Since 1989 he has been Professor and Head of the
Nutrition Department at The Pennsylvania State University. He has a Ph.D.
degree in nutrition from Cornell University. He has a broad background in
both fundamental and applied nutriion.  His own research deals with the
role of the diet as a modifier of cancer risk.

ROBERT O. NESHEIM (Committee Chairman) He retired as Vice Presi-
dent. Science and Technology, for the Quaker Oats Company. Chicago.
IHinows, in 1983, and 1 1991, as President of Advanced HealthCare. Monterey.
Calitornia. He carned a Ph.D. degree in nutrition trom the University of
ITinois and has had extensive experience in research management. He has
been involved in food and nutrition issues for many years, serving on many
national committees, including the Food and Nutrition Board and the Food
Advisory Comnuttee, Office of Technology Assessment, U.S. Congress.
He is a Fellow of the American Institute of Nutrition.

JOHN E. VANDERYEEN Since 1975, he has been the Director, Division
of Nutrition at the Food and Drug Administration. He is responsible for
planning. developing, and implementing programs that provide scientific
knowledge required 1o carry out the Food, Drug. and Cosmetic Act with
respect to the tield of nutriion. His duties also include providing sctentific
counscel mn the formation of regulations and regulatory programs in the broad
tficld of nutrition and tood labeling as well ax providing nutritional review
ot petitions submitted for regulatory actions. exemptions and/or tood addi-
tive approvals. He earned a Ph.D. degree in chemistry from the University
of New Hampshire.

ALLISON AL YATES She s Dean of the College of Heaith and Human
Seiences at the University of Southern Mississippi and Associate Professor
ot toods and nutrition. She has a Ph.D. degree in nutrition trom the niver-
sity of Califormia at Berkeley. and an M.S. in public health from U.C.LLAL
and i~ a registered dientian, She currently serves as Project Director for the
Division ot Applied Research of the National Food Service Management
Institute. Her arcas of expertise are in food habits, diet composition, and
protein and cnergy terrelationships,

AUTHORS

RICHARD N, BAUMGARTNER Since January 1991, he has been Re-
search Associate Professor in the Department of Biochemistry and Director
ot the Body Composition Laboratory at Chinical Nutrition Research Center.
University of New Mexico, Albuquerque. He earned a Ph.D. trom the Uni-
versity of Texas in 19820 His interests include growth, development, and
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aging. tat distribution and body composition. and the nutntional cpidemiol-
ogy ol chronie diseases.

MATTHEW W. BOVEE Through March of 1992, he was Database Man-
ager tor the Occupational Medicine Division of the LL.S. Army Research
Institute of Environmenta! Medicine. He carned his Master’s degree in
physiology and celt biology. (specialty in exercise physiology) from the
University of Kansas. emphasizing cardiovascular and musculoskeletal
physiology. His interests inctude neuromuscular impact of training speci-
ficity, and interactions between fitness and risk of morbidity.

WILLIAM CAMERON CHUMLEA He is a Fels Professor of Community

Health and Fels Professor of Pediatrics at Wright State University School of

Medicine. He is also Adjunct Professor of Pathology. at the Clinical Nutri-
ton Rescarch Center, University of New Mexico Schoot of Medicine. Since
1978, he has been imvolved with on going research in the Fels Longitudinal
Study at The Fels Research Institute. now the Division of Human Biology.
Department of Community Health, Wright Suite University,

KIRK J. CURETON Since 1976, he has been Director of the Exercise
Physiology Laboratory at the University ot Georgia. He is now Protessor
and Head ot the Department of Exercise Science at that institution. He has

a Ph.Doan physical education (exercise physiology) from the University of

Hlinois at Urbana. His principal arca ot rescarch interest is the biological
basis of individual differences in human physical performance and fitness.

KARL E. FRIEDL He i~ an Army Rescarch Physiologist, speciadizing in
Fody composition in the Occupational Physiology Division at the ULS. Army
Research Institute of Environmental Medicine. Natick, Massachusetts. Pre-
siousty, he worked in the Department of Clinical Investigation at Madigan
Army Medical Center. Tacoma., Washington. He received his Ph.D. degree
m biology in 1984 trom the Institute of Environmental Stress at the Univer-
sity of Cabifornia at Santa Barbara.

PETER N. FRYKMAN Since 1984 he has been a Research Phystologist at
the U2.S. Army Rescarch Instituie of Environmental Medicine in Natick.,
Massachusetts. He engages in rescarch in the areas of biomechanics, strength,
and body composition,

STANLEY M. GARN Hce v Professor of Nutrition. School of Public
Health, Protessor of Anthropology and Felow of the Center for Human
Growth and Development at the University of Michigan. He is concerned
with the implications of differences 1n bodyv composition tincluding skeletal
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weight) to maturation, reproduction, fitness and mortality and morbidity.
He has been a member of the National Academy of Sciences since 1976.

EVERETT A. HARMAN Since 1984 he has been a research physiologist
and Director of Biomechanics Research at the U.S. Army Research Institute
of Environmental Medicine in Natick, Massachusetts. He is currently Vice
Prestdent for Research of the National Strength and Conditioning Associa-
tion and Associate Editor of the Journal of Applied Sport Science Research
and the National Strength and Conditioning Association Journal. His areas
ol interest inctude the biomechanics of lifting, load carriage. running and
jumping as well as the design of optimal physical training programs.

JAMES A. HODGDON He has served as a research physiologist at the
Navat Health Research Center in San Diego since 1975, both as a military
researcher and civil servant. His rescarch has included a wide range of
topics i exercise and environmental physiology. He was responsible for
the declopment of the Navy's body composition standards and measure-
ment methods. He s currently the Head of the Work Physiology and Mod-
eling Divistion at the Naval Health Research Center.

BRUCE H. JONES He is the Chief of the Occupational Medicine Division
ot the U.S. Army Rescarch Institute of Environmental Medicine. He re-
ceived his MUD. degree from the University of Kansas and his M.P.H. from
the Harvard School of Pubiic Health. His residency training in preventive
medicine was completed at the Walter Reed Army Institute of Research.
His rescarch focuses on the epidemiology of training-related injuries in
military populations.

FRANK 1. KATCH He is Professor of exercise science at the University
ol Massachuscetts at Amherst. He served as chair of the department from
1977 1o 1991 and currently 1s Director of the Laboratory of Human Perfor-
mance and Body Composition. He carned his doctoral degree in physical

education. with a specialty in exercise physiology, at the University of

Calitornia at Berkeley.  His research interests include anthropometry and
evaluation of muscular strength and performance. He s cotounder of Fit-
ness Technologies. Inc.oa consulting tfirm specializing in computer applica-
fions n nutrition. weight control, exercise. and health,

JOSEPH J. KNAPIK  He is o research physiologist at the U.S. Army
Rescarch Institute of Environmental Medicine. He holds a Sc.D.in applied
anatomy and phystology from Boston University. His arcas of specializa-
ton are exercise physiology and physical fitness as applied to military

populations of all ages.
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HENRY C. LUKASKI Since 1983, he has been a Research Physiologist at
the USDA. ARS Grand Forks Human Nutrition Research Center. He s
currently Research Leader for Mutrition. Physiology and Behavior at the
Center. He has 4 Ph.D. degree in physiology from the Pennsylvania State
University, and directs a research program focusing on the determination of
human trace mineral requirements based on optimizing physiologic function
and performance.

ROY J. SHEPHARD He is currently a Professor of applied physiology in
the School of Physical and Health Education at the University of Toronto,
and was Director of that School from 1979 to 1991, He is also a consultant
to the Defence and Civil Institute of Environmental Medicine, Downsview,
Onwrio.  He holds @ Ph.D. and an M.D. degree from the University of
London. and a D.P.E. (Hon. Causo trom the University of Gent.

JAMES A VOGEL  He is Director of Occupational Health and Perfor-
mance, U.S. Army Rescarch Institute of Environmental Medicine. which
encompasses rescarch programs in occupational medicine. occupational phys-
iologyv, nutritton and behavioral performance-neuroscience.  He earned a
Ph.D. degrce in physiology from Rutgers University. He is the principal
consultant to the Department of the Army n the biomedical aspects of
physical fitness and exercise physiology and chairs 3 NATO Research Study
Group on the Biomedical Aspects of Military Physical Training.
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